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FOR SEWAGE 


“Flush Kleen'’ pumps provide automatic, 
trouble-free service in sewage lift-sta- 
tions. They require no manual attention 
except periodic lubrication and inspec- 
tion. No labor is required for disassem- 
bling and cleaning clogged pumps as 
with other types. 


ovtarlow 


or 


SCRU-PELLER PUMPS 
FOR SLUDGE 


The Scru-Peller Pump was specifically 
designed to handle sludge. Coarse, 
stringy material is cut and cannot 
wrap or bind the impellers. 


SCREW and IMPELLER are keyed on 

the shaft and held firmly against a 
shoulder on the shaft by a nut. The screw 
has two flights; and the impeller has two 
blades. Each flight in the conveyor con- 
nects directly with its own blade of the 
impeller. 


2300 WOLFRAM STREET 
4 


Flush Kleen, Scru-Peller, Plunger. eer: 
Horizontal and Vertical Non-Clogs 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


CHICAGO 18, ILLINOIS 
Swing Diffusers. Stationary Diffusers. 
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CHICAGO” 


PUMPS 


AND SLUDGE 


FLUSH KLEEN EJECTORS FOR SEWAGE 


The impellers handle only strained 
sewage. No solids pass through the im- 
peller to cause excessive strain and wear 
on impeller, shaft, bearings or motor; 
pumps remain in balance and operate 
economically with little attention, 


Filling Wet Well 


1. Sewage flows through inlet ripe. 

2. Coarse matter is retained on strainer. 

3. Strained sewage flows through idle pump to 
wet well. 


Pumping 

3. Strained sewage is pumped from wet well. 

2. Coarse matter is backwashed from strainer. 
4. Special check valve closes; sewage and coarse 
matter are pumped 
to sewers. 


| CHICAGO! PUMP CO. 


CUTTING EDGES. There are four cut- 

ting bars and a cutting ring in the 
screw housing and four cutting bars in 
the pump casing. The cutting takes place 
between the edges of the screw and the 
cutting edges in the screw housing, be- 
tween the edges of the impeller blades and 
the cutting edges in 
front of the impel- 
ler, and between 
the edges of the 
impeller blades on 
the back of the 
impeller and the 
cutting edges of 


Water Seal Pumping Units. 


AeratorClarifiers, Comminutors. 


the pump casing. 
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A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works 


PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa 


EDITORIAL AND EXECUTIVE OFFICES 

25 Hilinois Bidg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 

to this address 
SUBSCRIPTION RATES 

Members of local sewage works associations affiliated with the Federation, $5.00 per year. 

Non members: U.S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom 
panied by International Money Order.) 

Single copies: United States, $1.00 each; Foreign, $1.25 each 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address Missing from files’’ cannot be accepted as the reason for honoring a claim 


MAILING PERMIT 
Entered as second class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879 
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REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by /mdustrial Arts Index and Engineering Index 


Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
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IT’S EASY 
TO METER 
OPEN FLOW 


CcURATELY 


Easy to install, easy to use, easy to keep in tip-top 
working order — that’s what users say about Builders Kennison Nozzle. 
For metering all types of sewage, sludge, and trade wastes, this Nozzle 
when used with Builders Instruments gives accurate flow readings over a 
wicle range of flow conditions. Dependable performance is built-in at the 
factory — this Nozzle saves you time, trouble, and maintenance costs 
year in, year out. For complete information and new Bulletin 135-F2, 
address Builders-Providence, Inc. (Division of Builders Iron Foundry), 
Providence 1, R. |. 


NOW! The new Half-Section Nozzle 
for 6” lines and flows from 130,000 
down to 5,000 gallons per day. 
Full-section Nozzles available for lines 
from 6” to 36”, for flows to 18 MGD 
maximum. 


BUILDERS PRODUCTS 
The Venturi Meter * Propeloflo and Orifice Meters * Kennison Nozzles * Venturi Filter 
Controllers and Gauges * Conveyoflo Meters * Type M and Flo-Watch Instruments 
Wheeler Filter Bottoms * Master Controllers * Filter Operating Tables * Manometers 
Chlorinizers — Chlorine Gas Feeders * Chronoflo Telemeters 


BUILDERS»= PROVIDENCE 
Tumenti 
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“Said he didn’t think it was possible 
to raise a gate so easy. Seems that in 
his town’s plant they’re forever having 
trouble with gates sticking and stems 
breaking. 


““No wonder. On some of his gates 
there’s forty tons’ pressure pushing a 
rusty gate against rusty facing strips. 
“T told him our Everdur* equipment 
won't stick because it never rusts. 
When he said they can’t afford to use 
Everdur, I told him he can’t afford not to. 


“Proved it, too! Showed him that 

the little extra it cost was only a frac 
tion of what they were spending on 
replacements. 

“The Commissioner said he guessed 

I was right. 

“Smart man, that Commissioner.”” 


*Reg. U.S. Pat. OF. 


“Boy! 


Was that 
Commissioner 
impressed !’’ 


Corrosion is the enemy you can 
lick by fabricating your equip- 
ment with Everdur...Anaconda's 
Copper-Silicon Alloys. Everdur 
combines the corrosion resist- 
ance of copper with high tensile 
strength. It's available in most 
wrought commercial shapes; 
also in casting ingots. It is easy 
to weld and easy to fabricate. 


May we send you more informa- 
tion on Everdur? Do you have a 
problem on which we can give 
you technical counsel? Just write 
to The American Brass Company, 
Waterbury 20, Connecticut. In 
Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 


Where corrosion resistance counts—use Everdur... 


ANACONDA copptr-siticon attoys 
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..«» NOW REDESIGNED FOR STILL HIGHER EFFICIENCY 


If you're pumping solids not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 
operation, has now been redesigned for still higher efficiency. 

Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
bearing. Large size pumps also have a self-aligning, spherical roller radial 
bearing. 

Capacities range from 3,000 to $0,000 G.P.M., heads from 10 to $0 ft. For 
complete details, write Dept. AC- 2 


Centrifugal, axial and mixed flow pumps for all applicetions. 


Economy Pumps Inc, 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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SEWAGE AND INDUSTRIAL WASTES 


HIGH 
LOADING 


ECONOMY 
SPACE 


LOW 
OPERATING 


-YEOMANS “Aero-Filter’ 


We A HIGH-CAPACITY BIOLOGICAL TRICKLING FILTER IDEAL FOR 
TREATING STRONG INDUSTRIAL WASTES ye CAN BE FITTED TO ANY 
REQUIREMENTS—FROM SMALL UNITS TO LARGE TREATMENT WORKS 


In more than 100 instcllations the Y “Aero-Filter" is establishing remarkable 
records for unusually high purifying efficiency at exceptionally low cost. 


Single stage operation of “Aero-Filters” produces a clear effluent, and reductions 
of raw sewage BOD ranging from 80 to 85 percent ore common; while two-stoge 
operation is regularly achieving BOD reductions of 90 to 94 percent. 


Construction cost is exceedingly low becouse the “Aero-Filter” bed is only about 
one-eighth the size required for a standard rate filter of equal capacity; and because 
an oversize primary tank is not required, since all returns are made direct to the 
filter. Also, rain-drop distribution eliminates all need for costly recirculation for dilution 
purposes. Operating cost is the lowest among all types of complete sewage treatment. 


The “Aero-Filter” con be fitted to any requirements. Accurate cost estimates and 
complete engineering date ore readily obtainable. Write for Bulletin 6570, 


YEOMANS BROTHERS COMPANY - 1425 Dayton Street Chicago 22, Illinois 
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s SEWAGE AND INDUSTRIAL WASTES 


Everything in piping for pumping systems 
from one complete line... CRANE 


Take This Sewage Station Pump Room 
Crane can supply all valves, fittings, pipe - 
and accessories for the entire installa- 
tion. One order to Crane assures more 
dependable service, too. For Crane sup- 
plies you through well-stocked cooper- 


ating Branches and Wholesalers, al! 
backed by large factory stocks. 
The wider selection — and better serv- 
ice—given by this Single Source of Supply 
simplifies every piping procedure. One 
Responsibility for materials helps you 
to get better installations—on schedule. 
One Standard of Quality in every item 
helps assure dependable performance 
from every part of your piping systems. 
CRANE CO., 846 S. Michigan Ave. 
Chicago §, Ill. 
SOURCE OF SUPPLY 
RESPONSIBILITY 
STANDARD OF QUALITY 
FOR SMOOTH AND 
TIVE FLOW CONTROL 
on water distribution 
Pump Room Pipimeg systems—choose from 
installation in Sewase the Crane line of 
Pumping Station A. Gate Valves. 
Shown here, Crane No, 2495 lron 
Body Double Disc Gate Valve 
with brass trim, outside screu 
and yoke, flanged ends. In sizes 
Jrom 2 to 24-in. See your Neu 
Crane Catalog, p. 94. ‘ 


AVERYTHING FROM... 


VALVES © FITTINGS 4 
PIPE © PLUMBING 


AND HEATING : 
FOR EVERY PIPING SYSTEM 
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SEWAGE AND INDUSTRIAL WASTES 


R SYSTEM aF BIeeST RECIRCULATION FOR SEWAGE PLANT OPERATION 


Direct Recirculation can be easily Included in any Treatment Plant! 


Biological oxidation is greatly accelerated by the Accelo Filter in the treatment 
of sewage and other organic wastes. This is accomplished by recirculating 
large quantities of the fresh unsettled trickling filter effluent directly back to 
the inlet of the filter distribution equipment. This method of operation elim- 
inates many of the nuisances common to the conventional trickling filter. The 
ACCELO FILTER System may be used to give increased capacity to overloaded 
conventional trickling filters as it makes higher dosing rates possible. Other 
advantages include: 1. Increased biological filter efficiency, 2. No increase in 
size of sedimentation tanks, 3. Smaller trickling filters, 4. No clogging, slough- 
ing or ponding, 5. No odors, 6. Reduction of psychoda fly nuisance. 


WRITE FOR complete information con- 
cerning the ACCELO FIL- 
TER SYSTEM. Ask for 12-page catalog No. 
6200 containing flow diagrams, charts, installa- 
tion diagrams, pictures, and interesting de- 
scriptions of its many superior advantages. 


© BETTER WATER CONDITIONING © 
AND WASTE SINCE 
94 


INFILCO INC. 
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The preferred 


iF valves for 


SEWAGE TREATMENT 
PLANTS 


Pressure-sealed against leakage 
Seat never exposed to line 
© Corrosion and erosion-resistant 


Quarter-turn, easiest operation 


Nordstrom valves on sludge feeders in vacuum 
filter room 


LONGEST LIFE handling sludge 


Nordstrom lubricated valves are recognized 
by sewage engineers as the one type of valve 
perfectly suited to conditions encountered in 
sewage treatment. They are widely used on 
sludge lines, pump suction and discharge, 
lateral air lines, grit chamber drain lines, gas 
and water lines. 


The tapered plug rotates on a film of pres- 
surized lubricant so that leakage is prevented. 
The plug can be jacked if it becomes too tight 
merely by turning the external lubricant screw. 
The seat is always covered; never exposed. 
Grit and corrosive contaminants are effec- 
tively prevented from contacting the seat. 
The passageway is flush, with no cavities or 
crevices. A quarter-turn full opens or closes 
the valve. 


Rockwell Hypermatic lubricant (Patents 
oo applied for) now give Nordstrom valves auto- 
me! matic lubrication. The most outstanding de- 
velopment in 30 years of valve progress. Re- 
duces maintenance costs toa mmimum. Ask 
for Bulletin V-211. 


Streightway and Multiport types 
Wrench, gear, cylinder and motor operation 


Keep upkeep down 


Valver-| 


NOW AUTOMATICALLY LUBRICATED 


TRADE MARK 
Nordstrom Valve Division—ROCKWELL MANUFACTURING CO. 
400 North Lexington Avenve, Pittsburgh 8, Pa., 


Export Rockwell Mfg. Co International 


Offices in all principal cities 


Division, Pmpire State Building. New York 1 
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DIGESTER GAS RELIEF... 


with THE NEW 


“VAREC” 
FIGURE NO. 5800C 
PRESSURE RELIEF and 
VACUUM BREAKER 
VALVE... 
with FLAME 
ARRESTER 


FEATURES 


Lightweight and small for low cost 
and easier handling. 


eose of inspection and maintenance. 


PROVED ons 


213 Tri-State Bidg. 


Aux types of digester covers 
can be adequately protected with the new 


2. Venturi inlet for high flow capacity. “VAREC” Figure No. 5800C. Designed to 

3. Flame Arrester listed by Under- withstand corrosion from the most severe 
writers’ Laboratories. sewage gas service, this new valve saves gas 

4. All clumi ey Tr for utilization yet guards against any pres- 
age gas corrosion resistance. sures that might damage your digester. The 

5. Readily accessible tnner valves same flame arresting element that the 
through small top cover. Underwriters’ Laboratories have listed for 

6. Durable grephited Hycar seating la- use on highly inflammable oil gas storage 
serts for simple replacement. tanks is used. 

7. Drawer-type flame arrester bank for Engineering drawings are available to 


assist you in making up your plans and 
specifications. Write for your copies today. 


THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA — U.S.A. 


NEW YORK PITTSBURGH CHICAGO 
30 Church St. 939 Gulf Bldg. 122 So. Michigan Bivd. 
TULSA HOUSTON 


821A — & M Bldg, 
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a ies Available from Authorized Sewage Equipment Agents throughout U.S. and Canada 


ROM coast to coast leading sani- 
tary engineers specify con- 
crete pipe for sewer lines because 
it meets all essentials for long, 
dependable, economical service: 


Strength to resist severe impact 
and sustain heavy overburdens. 


Maximum carrying capacity 
and high wear resistance to 
abrasion due to suspended matter 

because of its smooth interior 
finish and clean, even joints 


Minimum infiltration and leak- 


SEWAGE AND INDUSTRIAL WASTES 


age because of tight joints and uni- 
formly dense concrete. 


Durability to render long years of 
heavy-duty service. This means 
low-annual-cost economy. 


Concrete pipe lines for drainage 
and sanitary sewers have demon- 
strated their superiority by long 
service records in thousands of 
installations all over America. 


Concrete pipe serves economically 
because of its moderate first cost, 
long life and low upkeep expense. 


AMERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LASALLE STREET, CHICAGO 1, ILLINOIS 
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SEWAGE AND INDUSTRIAL WASTES 


GENERAL CHEMICAL 


“ALUM” 


WATER experts agree—‘alum” is the preferred coagulant for the 


removal of turbidity, color and other impurities in the water and 
General Chemical Aluminum Sulfate is the preferred “alum.” 


SEWAGE experts agree—“‘alum” is preferred for the clarification of 
sewage because it flocs out the suspended solids and colloids . and 
General Chemical Aluminum Sulfate is the preferred “alum.” 


THE REASON: For over 30 years, General Chemical Aluminum Sulfate 
has been processed to meet the most rigid chemical and physical specifi- 
cations. Its quality, uniformity and reliability are preferred by most cities 


the nation over. For your operations, specify General Chemical “Alum” 


CHEMIGELS 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany + Atlanta + Baltimore « Birmingham - Boston - Bridgeport 
Buffalo - Charlotte Chicago - Cleveland Denver - Detroit Houston 
Kansas City Los Angeles « New York Philadeiphis 
Pittsburgh + Portland (Ore.) + Providen San Francisco Seattle 
®t. Louls Wenatchee and Yakima (Wash. 
In Wisconsin: General Chemical Company, Inc, Milwaukee, Wie 


ie Canada: The Wichols Chemical Company, Limited Montreal Torente + Vancouver 
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Www: shock strength — or, for that 
matter — without all of the strength factors 
listed opposite — no pipe laid 100 years 
ago in city streets would be in service 
todcry. But. in spite of the evolution of 
traffic from horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services - cast tron gas and water 
mains. laid over a century ago. are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combines all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any of 
these «‘rength factors should ever be laid 
in city streets. Cast Iron Pipe Research 
Association. Thos. F. Wolfe, Engineer. 
122 So. Michigan Ave.. Chicago 3. 


Strength factors of Long Life! 


Ne pipe that is provably deficient in any of these 
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strength factors should ever be laid in city streets 


SHOCK 
STRENGTH 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


BURSTING 
STRENGTH 


HAST TRON PIP 


The toughness of ca-t iron pipe which enables 
to withstand imp and trattic shocks. as 
well «s the bazares in handling. is demon 
strated by the impa.t Test. While under hydro 
static pressure and the heavy blows trom a 
50 pound hammer. standard 6 inch cast tron 
pipe does not crock until) the hammer is 
dropped 6 times on the same spot from pro- 
gressively increased heights of 6 inches. 


The ability of cast tron pipe to withstand e« 
ternal loeds imposed by heavy fill and un 
usual traffic loads is proved by the Bing 
Compression Test Standard 6inch cast iron 
pipe withstands «a crushing weight of more 
than 14.000 Ibs. per foot. 


When cast iron pipe is subjected to beam 
stress caused by soi! settlement. or disturbance 
of soil by other utilities. or resting on an ob 
struction tests prove that standard 6 inch cast 
iron pipe in 10-foot span sustains a load of 
1$.000 ibe. 


In tull length bursting tests standard 6inch 
cast iron pipe withstands more than 2500 Ibu. 
per squcre inch internal hydrostatic pressure. 
which proves ample ability to resist water- 
bammer or unusua! working preasures 


1 SERVES FOR 
4 CENTURIES 
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Why is area important? abrasive action from grit and sewage is com- 
Recause without sufficient settling area, no grit pletely eliminated. 


chamber can remove enough of the plus 65 mesh Produces a drained and washed grit containing 


not more than 3°% by weight of putrescible or 
ganics eliminates any odors, unsightliness 
or septic action 


samd and inorganics that cause trouble in most 
sewage plants. This has been proven conclusively 
by research and field tests 


What unit provides sufficient area? . . . 


The Dorr Detritor, designed on an area basis, will 
< Dorr Detritors are available in two types and a 


variety of sizes to fit the largest or smallest plant 
requirements. If you have a grit removal problem, 
a complete technical reprint on design 
factors in grit removal and washing 


vechanically remove and wash of plus 65 
mesh material under maximum flow conditions 


regardless of feed composition. Coarser or finer 
separ thon are possible if required 


Dorr Detritors have these plus benefits! 
No overloading or stalling the grit collecting 
mechanism has hinged torque -a tuated arms, 
which automatically raise and work off peak 
loads of grit 


Long Life maintenance is negligible all 


hear id wearing parts are above water 


THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMPORD, CONN. 
NEW YORK © ATLANTA © TORONTO 
CHICAGO © DENVER © ANOELES 
RESEARCH AND TESTING TORS 

WESTPORT, CONN. 
SWEAR PROCESSING 
PETREE & DORE DIVISION, STAMFORD, CONN. 


AMO 
Derr Techno! Services ond Equipment Are Also 
Avadedie Through Associoted Compones ond fep- 
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Sewage Works 


A RATIONAL DETERMINATION OF STORM 
OVERFLOWS FROM INTERCEPTING 
SEWERS * 


By Sere G. Hess anp Frank G. MANNING 


Director and Chief Engineer, and Principal Sanitary Engineer, respectively, 
Interstate Sanitation Commission, New York, N. Y. 


Interceptors for combined sewer sys- 
tems are expected to have capacity for 
the dry-weather flow plus an amount 
of surface runoff. To design these in- 
terceptors on the basis of a percentage 
of the dry-weather flow is not rational. 
Accordingly, it is proposed that these 
designs be based on dry-weather flow 
plus the runoff of a selected storm, 
the storm selected to depend on con- 
ditions developed herein. In its pres- 
ent form, this study is the limited de- 
velopment of a rational basis for the 
design of intercepting sewers. The 
study is set forth in this stage of de- 
velopment for two reasons—-to invite 
critical comment and to encourage ad- 
ditional exploration by other agencies 
and individuals. 

In this approach the rational for- 
mula, generally employed in the de- 
sign of storm drains, is incorporated 
in the design of interceptors for com- 
bined sewers. Sample curves have 
been developed to illustrate the facility 
with which the method may be applied. 
Several designs of sewers in the New 
York metropolitan area have been com- 
pared on the basis of these tentative 
curves. Although the curves are tenta- 
tive, the differences in volume of over- 
flow that obtain from such current 


* Presented at Metropolitan Section Meet- 
ing, New York State Sewage Works Associ- 
ation; New York, N. Y¥.; June, 1949. 


practices are significant and would 
seem to justify furtherance of the 
study. It appears to offer one means 
of designing intercepting sewers with 
a knowledge of the probable quantity 
or frequency of overflow of combined 
sewage to be expected. 


The Problem 


In general, pollution in the vicinity 
of the point of overflow of combined 
sewage is recognized as being influ- 
enced by many factors. Principal 
among these are the present or in- 
tended use of the receiving waters, 
their characteristics, the dilution pro- 
vided, the quantity and strength of 
the diverted sewage, the frequency and 
season of the overflow, and the degree 
of treatment provided at the sewage 
treatment plant. It must also be rec- 
ognized that the use of the receiving 
waters may dictate that control of bae- 
terial pollution should take precedence 
over any chemical or biochemical con- 
sideration. 

Normally, a combined sewer system 
has been constructed to accommodate 
many times the dry weather flow. Un- 
der such circumstance, in planning the 
interceptors it is not found feasible to 
intercept the total flow from each ter- 
minal of the combined sewer system 
for conveyance to a point of ultimate 
disposal or treatment. The specific 
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problem is the evaluation of how much 
of this storm sewage can be by-passed 
and, accordingly, how much storm flow 
must be intercepted. The solution may 
have economic as well as health sig 
The amount and frequency 
iverflow matter 
to the designing engi 


nificance 
ol storm sewage ¢ is a 
of concern both 
neer and to the agencies charged with 
the control of pollution and the pro 


tection of the public health 


Past Practice 

In the design of intercepting sewers, 
provision is usually made for the dry 
weather flow with or without some in 
runoff. 
Such added allowance has usually been 
provided for in the form of a multiple 
of the dry weather flow. An example 
is the City of New York, where the 
use of a factor of the dry weather flow 
in the design of interceptors has been 


creased allowance for surface 


intrinsic to the practice from the very 
The Metropolitan Sewer 
1914) reported the 
their consultants that 
interceptors for New York City should 
provide capacity for twice the average 
dry weather design flow, it being esti 


beginning 
age Commiussion 


conclusion of 


mated that the maximum dry weather 
flow would be 150 per cent of the aver 
It was felt that such allow 
would 


ave flow 


ances assure the conveyance, 
after rainfall, of a large part of the 
first flush of 
treatment plants. 
of the consultants, 
flush 
times as 


ordinary 


washings to the 
Rudolf Her ng, one 
that the 


‘is some 


street 


adv ised 
from the streets 
foul 


sewage’ 


first 
and as dangerous as 
and should be 
allowed to mingle with domestie sew 
age for equal treatment 

Concern over pollution at the point 
limited to the so 


of street washings 


of overflow is not 


called ‘‘ first flush’’ 


lo begin with, pollution from animal 


and other wastes washed from the 


street surfaces has been reduced con 


siderably and, in many places, street 


cleaning and flushing are routinely 
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accomplished. Secondly, the first flush 
of storm will carry with it 
organic sediment previously stranded 
in the sewers as well as any street-sur- 
face pollution flushed to the sewer. 
Thirdly, this first flush must be recog- 
nized as being more than an instanta- 
neous condition. It seems reasonable 
to expect that street flushing will con- 
tinue to be discharged to or beyond 
the time of maximum concentration, 
and organic sediment will continue in 
the overflow until the scouring velocity 
has been sufficiently prolonged to com- 
plete the scouring action throughout 
the collecting system. The flushing ac- 
tion caused by rainfall may not always 
be the matter of primary concern. It 
is conceivable that cireumstances may 
direct consideration to the pollution 
emanating from overflows or regulators 
at any time in the course of, or after, 
a storm, as such overflows will carry a 
proportionate part of the untreated 
domestic sewage and industrial wastes. 

Design of interceptors on the basis 
of a factor of the dry weather flow ap- 
pears to be rational only to the extent 
of the degree of dilution applied to the 
that The de- 
termination can be made more truly 
rational if provision is made for con- 
sideration of as many of the other in- 
fluencing 
evaluate. 


sewage 


sewage is to overflow. 


factors as it is feasible to 


A Proposed Rational Approach 


The capacity of an_ intercepting 
sewer, Q;, should be sufficient to pro- 
vide for a dry weather flow, DWF, 
plus a storm water allowance, Qs 
that is, 


Q, = DWF + Qs 


The rational formula for determining 
surface runoff is introduced into Eq. 
1 by making the storm-water allowance, 
Qs, equal to the produet of the co- 
efficient of runoff. C, a rainfall inten- 
sity, 1, to be provided for in the inter- 
ecepting sewer, and the area served, 
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A. Thus, 
Qs = CiA (2) 
Consolidating Eqs. 1 and 2 gives 
Q; = DWF + CiA (3) 

In Eq. 3 the dry weather flow, the 
runoff coefficient, and the contributing 
area are fixed and determined by local 
conditions. The rainfall intensity, 1, 
varies with the time of concentration 
(rainfall duration) and with the storm 
frequency (probability of occurrence). 
This relationship is extant for lower 
frequencies and higher intensities than 
are developed in this investigation. Of 
these two variables on which intensity 
is dependent, the time of concentra- 
tion is fixed and determined by local 
conditions. This leaves a single vari- 
able under the control and at the dis- 
cretion of the designer; that is, to pro- 
vide for a storm frequency not likely 
to be exceeded more often than de- 
termined by the designer. 

It is necessary to establish the re- 
lationship between rainfall intensity 
and the time of concentration for vari- 
ous frequencies in order to properly 
evaluate the problem of how often 
overflow is to be permitted. Investiga- 
tions did not disclose any compilation 
of the data at the frequency of occur- 
rence that would be useful to the study, 
which is in the range of more than once 
a year. The problem was discussed 
with United States Weather Bureau 
personnel locally, and with the Divi- 
sion of Climatological and Hydrologic 
Services in Washington, D. C. For a 
small-scale exploratory investigation 
of this nature, it was found necessary 
to start from scratch in compiling the 
desired data from the Bureau’s original 
triple-register record sheets. It was 
decided to work up these data only for 
a 3-year period, in order to evaluate 
‘the soundness and scope of the study. 
The step by step development follows: 


First Step 


A basic tabulation was prepared re- 
cording 0.01-in. units of precipitation 
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occurring in successive 10-min. inter- 
vals for each period of rainfall through 
the years 1941, 1942, and 1944. These 
were taken from Weather Bureau daily 
records for Battery Place, New York 
City. The investigation of the year 
1943 was omitted for present purposes 
because of extended interruption of the 
recordings at the station during that 
year. 

There are three choices in procedure 
for tabulating the precipitation in suc- 
cessive 10-min. intervals. These are: 
(a) Each storm may be analyzed by 
successive 10-min. intervals as deter- 
mined by the clock, in which case the 
first and last intervals usually would 
contain only a partial duration of pre- 
cipitation; (b) each storm may be 
analyzed by starting the 10-min. inter- 
vals when the rain begins, in which 
case only the last usually will contain 
a partial duration of precipitation ; 
and (c) each storm may be analyzed by 
first locating the 10-min. interval con- 
taining the maximum amount of pre- 
cipitation and counting the remaining 
intervals from this one as a base, the 
first and last intervals possibly eontain- 
ing partial duration of precipitation. 
Data compiled herein were based on 
method (b). 


Second Step 


The second step was to tally all 10- 
min. amounts of rainfall of 0.01 in. or 
more as determined from the basic tab- 
ulation for each year. This second 
step was repeated for 20-min., 60-min., 
and 120-min. intervals for each of the 
three years indicated. . Tallying rain- 
fall in 20-, 60-, and 120-min. intervals 
could be accomplished either by com- 
bining the 10-min. amounts previously 
determined in the manner described 
below or by the longer procedure of 
re-analyzing the individual storms 
using choice (ce) of the first step. Be- 
cause the basic tabulation was set up 
in 10-min. units through each storm, 
the 10-min. tally was a straight count 
of recorded amounts in each 10-min. 
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interval. However, in the tallies for 
multiple intervals (20, 60, and 120 
min.) only peak amounts oceurring in 
the respective tally periods were 
counted, 

In this procedure, each storm is ex- 
amined to determine the maximum 
amount of precipitation for the partic- 
ular tally interval. Similarly, all other 
peaks or maximum amounts for the 
tally interval in the same storm are 
determined with the following pro- 
visos: (1) that any recordable amount 

0.01 in. or more) occurring within a 
tally interval must be considered a 
peak ; (2) that successive tally intervals 
cannot overlap to form peaks; and (3) 
that precipitation in any amount oe- 
curring in less time than the tally in- 
terval, and not included as part of a 
tally interval forming a peak, is dis- 
carded. 

Third Step 

Precipitation equalled or exceeded 
was plotted against annual oecurrence. 
This was done for the 10-, 20-, 60-, and 
120-min. periods for which tallies were 
made, as shown in Figure 1. The 120- 
min. curve was extended to obtain in- 
tensity limits required later in this re- 
port. 


Fourth Step 


Figure 2, plotted from data shown in 
Figure 1, shows the relation between 
the amount and the duration of rain- 
fall for various annual occurrences. 
For convenience, the time element is 
expressed in hours and days, rather 
than in minutes as used in Figure 1. 
Thus, the 144-hr. (8,640 min.) oecur- 
rence line intersects the duration curves 
as follows: 


Duration Precipitation 
10 min. 0.016 in. 
20 min. 0.031 in. 
60 min. 0.089 in. 


120 min. 0.171 in. 
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Each curve of Figure 2 was plotted 
from only 4 points, as only the 10-, 20-, 
60-, and 120-min. intervals were tabu- 
lated. Although the shape of the 
curve is well-defined, it is felt that more 
data should be tabulated to more accu- 
rately establish these curves. 


Fifth Step 


The time-intensity curves of Figure 
3 were developed from Figure 2 by 
using the same abscissa and converting 
the ordinate, precipitation, to intensity 
by dividing by the duration. Smooth 
curves were drawn through points of 
equal frequency, which are indicated 
prominently to emphasize the sparsity 
of data on which the form of the curves 
is established. 

The curves developed and presented 
herein are for illustrative purposes 
only. It is not intended that they rep- 
resent either the most suitable type of 
graph for practical use or that they 
are representative of the shape of curve 
that will develop from a study of 
either another period of time or 
other weather stations. The limitations 
should be kept in mind in the ecompara- 
tive applications which follow. 


Present Shortcomings as Shown by 
Rational Approach 

In applying the factors generally 
used in the design of interceptors, con- 
sideration may be given to the effect of 
the overflow on the receiving> waters ; 
however, these factors do not relate 
directly to such consideration. Formu- 
las based solely on the dry-weather 
flow have no direct relation to the rain- 
fall accommodated, nor to the times 
per year that the overflow occurs, nor 
to the capacity of the receiving waters 
to assimilate the pollution thus dis- 
charged into them. Although pollution 
in storm-sewage overflows is diluted, 
it must be recognized that there may 
be times and places where the amount 
of such pollution being discharged into 
the watercourse without treatment is 
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a factor to be reckoned with. When a 
standard for the design of interceptors 
is based on a factor of the dry-weather 
flow alone, the effect 
density, 


of variations in 
runoff and other 
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preciable. Some typical designs within 
the Interstate Sanitation District have 
been selected to illustrate this point. 
The design of the Manhattan Inter- 
ceptor, New York City, provides for 
twice the average dry-weather flow. 


ri 


DURATION OF RAINFALL - MINUTES 


FIGURE 


2.—Depth-duration chart for various rainfall occurrences. 


7 
i 


Vol. 22, No. 2. STORM OVERFLOWS FROM INTERCEPTING SEWERS 151 
Therefore, provision is made for storm 
water in an amount equal to the aver- 
age dry-weather flow. The interceptor 
has two branches, which converge at 
East 110th Street. The north branch 
interceptor, from 179th Street to 110th 


Street, has a time of concentration of 
2 hr. 8 min. and provides for 206 sec.-ft. 
of storm water; this allows for a com- 
puted rainfall intensity of 0.081 in. 
per hr. The south branch interceptor, 
from 73rd Street to 110th Street, has a 
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FIGURE 3.—Time-intensity chart for various rainfall occurrences. 
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time ol 


and 


eon 


hr. 14 min 


provides for 138 sec.-ft. of storm 


entration of 1 
water; this allows for a computed rair 


From 


intensity 


of 0,062 in. per hr 
tentative curves shown in Figure 
} it is estimated that the north branch 
south brane! 
overflow a total of 197 


per eent differen 


interceptor will ove rflow a total of 


er vear, whereas the 
eptor will 
per a 
ill pollution time using the 
tor of the drv-weather flow as 
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analysis was made of the 
Bavonne, J 


r sewers are designed on the 
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where 


per capita. This is 
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computed average dry 


flow The Bayonne northeast 
of 


pro 


time 


and 


an estimated 

of 1 hr. 47 

ft. of 

allows for a computed rainfall in 
0.119 in The south 

interceptor has an estimated time 

of 1 hr. 9 
10.6 see-f 


or has 
min 
storm water; 


per hr 


nventration min. and 
of 

this allows for a computed rain 
intensity of 0.14 in. per hr. Again 
the of 
it is estimated that the north 
will total 


whereas the south 


provides for storm 
water 
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ing to tentative curves 
erceptor 
hr. per 


t nter eptor 


overflow a 
year, 
will overflow a_ total 
In a reeent desien by the Bureau of 
22 min 
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North Branch 
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are 
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because of the 
it is felt that 
strate 


sparsity of rainfall data, 
they do serve to demon 
some of the inconsisteney of the 
Such differ 
ences as are demonstrated would be of 
to a 


the 


common basis of design. 


particular concern 
with 
ont rol 


regulating 
problem otf 
area Witness the 
fact, in the example cited, that Brook 
lvn, where facilities will be available 


agency charged 


pollution 


for three times the average dry-weather 
flow, North 


Branch, Manhattan, where provision is 


will overflow more than 
made for only twice the average dry 
weather Note also 


relationship 


flow the dispro 
portionate the 
ot flow and the 
overflow hours per vear for Bayonne 


and New York 
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between 


factor dry weather 


drawing of specific conclusions or mak 
ing interpretations from this tabula 
Other 
dilution 


tion including 
the 


may re 


considerations, 
and diffusion factors at 
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coefficient of runoff and the duration 
and intensity of rainfall generally ac- 
cepted in storm sewer design where 
much higher intensities of rainfall are 
normally considered. As the oppor- 
tunity is presented, the study may be 
made more comprehensive and should, 
among other factors, include more de 
tailed study of the relationship be- 
tween the runoff factors and the low- 
intensity rainfall herein involved. 

Rainfall data currently published 
by the U. S. Weather Bureau are tab- 
ulated in terms of amount by hourly 
intervals and served no specific use in 
the intensity-frequency determinations. 
Data within the desired range are re- 
corded on the Bureau's original triple 
register record sheets, but are not com- 
piled for publication. For the pur- 
pose of this study Weather Bureau 
personnel were consulted on tabulating 
procedures before embarking on a pri- 
vate compilation of the 3-year reeord 
used in the study. 


Conclusions 


This limited investigation into the 
feasibility of developing a_ rational 
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basis of design of intercepting sewers 
for use with combined sewer systems 
indicates that the approach proposed 
herein has possibilities that may be 
encouraging. It suggests a rational 
approach to determining the capacity 
of such intercepting sewers, in which 
is employed the same basic character 
of time-intensity curve as that now 
used in storm drain design. It pro- 
vides a means of designing the capac- 
ity of these intercepting sewers with a 
knowledge of the probable quantity or 
frequency of overflow resulting 
pollution. The proposed method is 
rational and appears to have definite 
and practical application. From the 
basic tabulation, many types of charts 
can be prepared to show, for example, 
the quantity of overflow, the total time 
of overflow, and the frequency of over- 
flow for any specified interval of time. 

The development of the rational 
method offered will permit a more sat- 
isfactory means of designing intercep 
tors with due regard to the effect of 
the storm overflow on the receiving 
waters. 


OHIO CERTIFICATION EXAMINATIONS 


The Ohio Department of Health has 
announced that examinations for oper- 
ator certification, grades A, B, and C, 
in both water and sewage treatment, 
will be held on April 28, 1950, in Mas- 
sillon, Cincinnati, Cleveland, Colum- 
bus, and Toledo. Applications must 
be filed by March 18, 1950, on blanks 
furnished by the Department 


Qualifications to take the examina- 
tion have been extensively amended, 
with experience credit now being given 
for satisfactory completion of the 
Short School for Operators. Com- 
plete information is available from the 
Ohio Department of Health, Ohio De- 
partments Building, Columbus 15, 
Ohio. 
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THE POLLUTIONAL EFFECTS OF STORM-WATER 
OVERFLOWS FROM COMBINED SEWERS * 


By 


Sanitari 


Introduction 


Within the last few years, there has 
arisen a popular demand for the abate 
ment of stream pollution and all sani 
tarians certainly agree with this move 
ment in principle. As is often the case 
however, the tremendous surge of an 


awakened publie interest may carr) 
any cause far beyond justifiable limits 
is made that all pollution 
abated without 
cost of the 
by depriving individuals or municipal 


ties of the 


The demand 
must be evaluating the 
damage that would result 
reasonable use of their water 
resources, Pollution caused by storm 
water overflows from combined sewer 
systems has been condemned and per 
haps rightly so, but before public or 
private resources are dissipated in an 
effort to eliminate entirely all stream 
pollution, it might be well to appraise 
the proble m both as to the possibil ties 
of reaching the ideal objective and the 
results that can be accomplished 
practical limits 

In the discussion of the problem of 
abating stream pollution, little if any 
distinction is made between the pollu 
tion caused by storm water overflowing 
from a combined sewer system operat 
ing in conjunction with diversion works 
and sewage treatment facilities and the 
direct and 
continuous discharge of sanitary sew 


pollution caused by the 
age to receiving waters 
The ase against t! e direct and Con 
tinuous discharge of sanitary sewage 
* Presented at 24th nnua 
Michigan Sewage Work 


Mich May 


Conference 
Association; Tra 


1949 


verse City 


Detroit, 


L. PALMER 


Enaineer, City Enaineer’s Office, Department f 
I 
Public Works, 


Mich 


has long since been proven, and as to 
the necessity for abatement, all sani- 
The nature, extent, and 
methods of abatement of the pollution 
‘aused by storm overflows from com- 
defined 
and are the subject of this discussion 


farans agree 


bined sewers are not so well 


Characteristics of Low-Intensity 
Storms 


Preliminary to the study of the 
pollutional effects of storm-water over 
flows from combined sewers, it is neces 
sary to investigate the characteristics 
of low-intensity storms, which are obvi 
ously the 
quently, the 
particular study 


most numerous, and, conse 


most important in this 
The accompanying 
diagrams were prepared from the data 
of the U.S. Weather Bureau and City 
of Detroit records. Figure 1 indicates 
that 90 per cent of the annual rainfall 
in the Detroit area is contributed by 
storms having an intensity of 0.50 in. 
per hr. or less, and about 50 per cent 
by rainfall of 0.10 in 


licates that, 


per hr. or less 
on the average, 
amount 
and that about 89 
ir occur that are 0.03 in 


‘ur per vear in 
more, 
storms per ve 
or more in amount. Figure 3 indicates 
that, on the average, 14 per cent of the 
total 


falling 


rain is 
and 3 per cent of the time, it 
is raining 0.03 in. per hr. or more. 


time at least a trace of 


In studying the results of the fore 


roing storm data, it is 


first assumed 


that the effec of rainfall will be im 
posed on a combined sewer system pro- 
vided with diversion works to pass the 


sanitary flow to the collecting inter- 
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ceptor system and to the treatment 
plant. 

It is obvious that some of the very 
light rainfalls will not even reach the 
sewers. The limits of storm intensit) 
this is true 
termined in order to 


rainfall 


had to be de 
establish the 
could affect 


for which 
point at which 
the sewer system. Data on the amount 
of rainfall cause runoff 


were accumulated by 


necessary to 
field observation 
and measurement using portable rain 
The result of the observations 
thus made indicated that, on the aver 
age, runoff did not 
precipitation exceeded 0.03 in. per hr 

Inasmuch as the analysis of con 
made on the 
of quantity of flow in multiples of the 
average dry-weather flow, this quantit) 
was determined from the records of 
the sewage treatment plant at Detroit 
per This 
then had to be expressed as inches per 


yauges 


oceur unless the 


ditions was to be basis 


as 162 g.p.d capita flow 
hour on the area to evaluate it In terms 
equivalent to rainfall. For Detroit 
with 10) people per acre 
producing an 


conditions, 
average of 162 g.e.d., 
the sanitary flow is equivalent to about 
0.01 in. per hr. 

Reasoning from the foregoing com 
following 


putations, the conclusions 


can be reached 


1. Before storm runoff from the land 
to the sewer system oecurs, precipita 
tion must exceed 0.03 in. per hr 

2. Before 


oceur 


storm-water overflows will 


from a combined sewer sys 
tem to receiving waters, the precipita 
tion must exeeed 0.03 in. per hr. plus 
whatever storm capacity the intereep 
tion has over and above that required 
for sanitary flow or, in the 
Detroit, an additional 0.01 in. 


for each mult ple of the sanitary ea 


case ol 


per hr 


pacity available for storm flow; for 


example, with an interception capacity 


of twice the sanitary flow, storm over 


flow would not occur unless the pre- 
cipitation exceeded 0.04 in. 


per hr 


0.03 + 0.01 With an interception 


February, 1950 


capacity of three times the sanitary 
flow, the precipitation would have to 
exceed 0.05 in. per hr. (0.03 + 0.02) 
before overflow would occur, and so on. 


In order to get some check on the 
above method of computation, a study 
records of the Conner 
station at De 


was made of the 

Creek 

troit 
Figure 4 gives the pumping record 


storm pumping 


at that station and indicates that storm 
that required pumping to the 
Detroit River occurred about 2.5 per 
cent of total time and at a pump- 
ing rate equivalent to about 0.04 in 
per hr. on the tributary area. 


flows 


Storms 
producing a pumping rate less than 
0.04 in. per hr. could be diverted to the 
interceptor system. 

From the data shown in Figures 2 
and 83 and the finding that no runoff 
will be produced by precipitation un 
der 0.03 in. per hr. and that the aver- 
flow of 162 g.c.d. is 
equivalent to 0.01 in. per hr. of rain 


age sanitary 


fall, computations can be made relating 
interceptor capacity in multiples of 
flow 162 #.e.d.) to 


occurrence of overflows per year and 


average sanitary 


duration of overflows per year. 
Ficure 5 shows the relation between 
overflow occurrence 


and interceptor 
capacity. The following points are of 


note 


1. Witt 


overflows per year 


no storm-water diversion, 89 
might oeeur. In 
other words, there are on the average 
89 storms when the precipitation is 
greater than 0.03 in. 

2. With interceptor capacity 600 per 
verage sanitary flow, 65 


per vear might still oceur to 


eptor with a capacity 
600 per cent of the sanitary flow would 
number of overflow oceur- 

rences 2o per cent 
4. Relating the reduction of overflow 
occurrences to the capacity of the in- 
terceptor shows that each g.c.d. unit 


reduce the 
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of interceptor capacity is most effective Figure 6 shows the relation between 
when the interceptor capacity is 150 overflow duration and interceptor ca- 
per cent of the sanitary flow or it may pacity. The following points are of 
be stated that the interceptor is most note: 
effective in preventing overflow occur 1. With no storm-water diversion, 
renee, gallon for gallon of capacity, the duration of storm-water overflows 
When it has a capacity of 150 per cent would occupy 3.0 per cent of total 
flow time. In other words, on the average, 


Note | Ne produced by pracipitetian under .O3 per 
|__| Tefal numhec 6f ~roduging overt lqus- 39 per yaar _| 


OCCURRENCE OF QVERELOWS AER YEAR _| 
| 
} 


RELATED YO 


INTERCEPTOR (CARACITY | 


Number of overflows per yeor 


= 


| AE DUCTION OF OVERFLOW OCCURRENCE | 
IN PERCENT OF TOTAL NUMBER 
OF OVERFLOW OGCURRENTES PER YEAR 


vency Storm runoff ul! be 
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£ 
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epproxmotely (4000 of u/timate conditions 


REDUCTION OF QVERFLOW OCCURRENCE 
PER GED GF INTERCEPTOR STORM CARACITY 
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% Reduction per gcd 
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FIGURE 5.—Relation of overflow occurrence and reduction to interceptor capacity as a 
function of sanitary flow. 
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precipitation in excess of 0.03 in. per 
hr. occurs for 3.0 per cent of total 
time. 

2. With interceptor capacity 600 per 
cent of the average sanitary flow, the 
duration of overflow would be reduced 
to 1.0 per cent of total time. 
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600 per cent of the sanitary flow would 
reduce the duration of overflows 60. 
per cent. 

4. Relating the reduction of over- 
flow duration to interceptor capacity 
shows that each g.e.d. unit of inter- 
ceptor capacity is most effective when 


3. An interceptor with a capacity 


the interceptor capacity is 150 per cent 


by 


Me: 


2 
RELATED TO 


PTOR CAP4 


$ 
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FIGURE 6.—Relation of overflow duration and reduction to interceptor capacity as a 
function of sanitary flow. 
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of the sanitary flow (that the inter- 
ceptor is most effective in reducing the 
duration of overflow, gallon for gallon 
of capacity, when it has a capacity of 
150 per cent of the sanitary flow 


The foregoing analysis of the effect 
of storm-water diversion to inter ‘eptors 
as a method for abatement of the pollu 
tion resulting from storm-water 
flows from a combined sewer system 
and summarized in Figures 5 and 6 
leads to the following conelusions 


1. No satisfactory reduction in the 
number of storm overflow occurrences 
can be made by any reasonable in 
crease in interceptor capacity. 

2. No satisfactory reduction in the 
duration of storm overflows can be 
made by any reasonable increase in 
interceptor capacity 


Quality of Overflow from Combined 
Sewers 


The conclusions reached as to the 


erecTiveness of 


increasing interceptor 
‘apacity in reducing storm-water over 
flow occurrences and duration of over 
flows did not consider the quality of 
the overflow storm water and whether 
the diversion of a greater number of 
the smaller storms and an increased 
portion of larger storms would accom 
plish the feat of preventing a dispro- 
portionately greater amount of pollu 
tion from escaping with the storm 
water overtiow The conclusion reached 
by some observers that the quality of 
overflow storm water from a combined 
sewer shows high pollution during the 
early period of overflow, diminishing 
as the overflow continues, has not been 
substantiated in the studies made at 
Detroit 

The eollection of data for Detroit 
has not been completed to the extent 
that positive conclusions have been 
reached, and only a limited range of 
storm intensities have been invest 
vated llowever, the results obtained 


on a large and extensive sewerage svs 


tem appear to be affected by factors 
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not so significant in simple systems, 
and the following conclusions have been 
at least partially substantiated : 


1. Erratic variations in the quality 
overflow storm water are character- 
stic and result from the time element 
involved in arrival at the point of over- 
flow of the first flush water from the 
tributary 


systems discharging to the 
main trunk sewer. This effect appears 
particularly significant in an area such 
as Detroit, where the time of concen- 
tration in the larger sewer systems is 
as long as 200 min. 

2. A condition of more or less uni- 
form quality of overflow storm water 
cannot be expected unless the storm 
period substantially exceeds the time 
of concentration of the sewer system 
and in sufficient intensity to maintain 
high velocities 
3. After the storm flow has exceeded 
the capacity of the diversion to the 
2.5 times the dry 
weather flow, the quality of the over 
flow water will have about the follow- 
ing characteristics: Coliform indices 
(m.p.n.), 4,300,000; 5-day 
90 p.p.m.; suspended solids, 250 p.p.m 
and suspend: d volat le solids, 100 
p.p.m. Plus variations of 100 per cent 


interceptor of 2 to 


and minus variations of 50 per cent 
are to be expt ected 


From the study of the quality of 
verflow storm water, the conclusion 
s reached that no satisfactory reduce 
tion in the pollution carried by storm 
} 


water overflow can be accomplished by 


any reasonable increase in interceptor 
capacity, due to the fact that diminu- 
tion of pollution after the first flush 
does not obtain and successive peaks of 
pollution arrive later in the progress 


of the storm overflow 


Separate Storm Sewers 


The separate system of sewerage has 
been advanced as a solution for the 
problem of abatement of the pollu- 
tional effects of storm overflows from 


combined sewers. <A study of the re- 
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sults to be expected from a separate 
system brings up the questions of cost, 
results in abating pollution, and oper- 
ational problems inherent in separate 
systems. 

In an area where the topographical 
relief is not pronounced, the construe- 
tion cost of a separate system of pub- 
lie sewers is estimated to be about 
twice the cost of a combined system, 
assuming new construction in an un- 
sewered area. In an area sewered on 
the combined system, there would be 
an additional cost to individual house- 
holders, over and above the cost of the 
publie collecting system, amounting to 
at least $500 each. For example, De- 
troit’s combined sewer system to date 
has cost $100,000,000. If it were to 
be changed to a separate system, an 
additional $100,000,000 of publie funds 
would have to be expended for sani 
tary sewers and appurtenances. In 
addition, the 270,000 households now 
connected to the combined system 
would have to separate their sanitary 
plumbing from their storm plumbing 
at an estimated cost of $500 each or 
a total of $135,000,000. 

With expenditures of this magnitude 
indicated, overwhelming justification 
must be presented in support of the 
benefits to be accomplished by a sepa- 
rate system. 

In studies made at Detroit to de- 
termine the quality of storm water that 
could be expected from a separate sys- 
tem, samples of storm-water runoff 
from the land surface were collected 
at points of concentration near catch 
basin inlets and analyzed. Although 
the study has not been completed and 
the number of samples taken and the 
types of areas studied are limited, it 
appears that the storm runoff from 
the land surface is polluted to the ex 
tent that the storm-water flows from 
a separate storm sewer could be ex- 
pected to be very unsatisfactory under 
the same standards by which the qual- 
ity of storm overflows from combined 
sewers are judged. 
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The first samples analyzed indicated 
such high coliform indices that doubt 
was cast on the type of organisms 
found, and, subsequently, Tryptose 
broth was used and B.O.D. determina- 
tions made on the samples to give bet- 
ter confirmation of the results. The 
results of a sampling taken at a eateh 
basin in the business district of De- 
troit during a rain storm on March 
22, 1949, are as follows: 


Time Total Vol. 5-Day 

| (p. pan.) | (p.p.m.) 
1 930,000 | 660 299 234 
2 430,000} 715 331 
3 9; 430,000 | 726 340 124 
4 9: 930,000 | 462 194 - 
5 9: 430,000} 914 414 132 
00 | 230,000} 430 | 202 
7 11:25) 43,000) 714 370 96 
s 11:32) 25,000; 310 136 


Although the data collected to date 
may not be conclusive, the evidence in- 
dicates that more exhaustive investiga- 
tion must be made before huge ex- 
penditures for separate sewer systems 
can be recommended. 

The operational problems involved 
in maintaining a separate system as a 
separate system have not been success- 
fully solved, particularly in large and 
extensive systems. Either by stealth, 
or ignorance, or good intention, sani- 
tary connections improperly find their 
way into storm sewers where the sepa- 
rate system is in use. Large systems 
would require policing on a major seale 
to discover sanitary connections made 
surreptitiously into the storm sewers, 
and experience at Detroit indicates 
that a completely separate storm and 
sanitary sewer system can never be 
successfully protected from this type of 
misuse. 

From a study of the results to be ex- 
pected from the use of separate storm 
sewers, it is concluded that: 


1. The cost of a separate system is 
prohibitive and not commensurate 
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with the results possible to achieve. 

2. The quality of the storm water 
from a separate storm sewer serving an 
area such as Detroit would be very un 
satisfactory and highly polluted 

J. Separate storm sewers are prac 
tically impossible to maintain as such 
without some sanitary flow being in 


cluded 


Storm-Water Treatment 


rhe treatment of the overflow storm 
water from a combined sewer system 
has been advocated as a solution of the 
problem of pollution from this source 
The results as to quality of the storm 
water after treatment that could be ex 
pected from this solution of the prob 
lem obviously would be those that could 
be determined in advance by design. 

The results as to total over-all bene 
fits would be effective for about 2 per 
ent of total time In other words, 
any facility provided or expenditures 
made would be useful and a benefit for 
the duration of the pollutional effect 


only which would be for about 2 per 
cent of total time, during which time 
about 1 per cent of the sanitary flow 


escapes to the receiving waters 
Studies made at Detroit indicate that 
o prevent the l per cent of pollution 
entering the Detroit River from the 
combined sewer system would require 
storm-Water treatment structures est 
mated to cost about $2,000,000 per 
1,000 eo f.s. of treatment capacity, and 
an annual operating and maintenance 
‘ost of $60,000 per 1,000 e.f.s. of treat 
ment capacity 

In addition to the high cost, the 
method has another undesirable fea 
ture in the multiplicity of treatment 
installations that would be required 
Detroit has about 50 storm-water over 
tlow outlets along the highly developed 
Detroit River waterfront, with a total 
upacity of about 50,000 ef.s. The 
construction of storm-water treatment 
plants in these areas would be diffi 
cult, expensive, and objectionable. Al- 
though no oneclusions have been 
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reached, the following comparison can 
be made relative to storm-water treat- 
ment as a means of abating pollution 
resulting from storm overflows from a 
‘omnbined sewer system: 

l. Satisfactory quality standards 
can be met as a matter of proper de- 
sign and operation of the storm-water 
treatment facilities provided 

2. It appears to be the least expen- 
sive of any of the solutions presently 
available 

3. The main objectionable feature of 
this method is the multiplicity of treat- 
ment plants required, and this problem 
remains to be solved. 


Conclusions 


The pollutional effects of storm water 
overflowing from a properly designed 
combined sewer system with diversion 
and regulation to an interceptor and 
sewage treatment system result from 
storm overflows that in themselves 
occur only about 2 per cent of total 
time, during which time about 1 per 
cent of the total sanitary sewage of the 
drainage area escapes into the receiv 
ing waters. It should be noted that 
during the 2 per cent of total time that 
overflow is occurring not all of the 
sanitary flow is escaping. 

The dilutional effect of the storm- 
water vehicle carrying the sanitary 
sewage to its escape into the receiving 
waters has been shown to be insufti- 
clent to reduce the pollution to accept 
able standards. The dilutional effect 
of the receiving waters in some cases 
may be sufficient to prevent serious 
local nuisance: however, the effective- 
ness of this process of purification is 
limited to those conditions where a 
long time factor intervenes between the 
point of overtlow and the affected area 
when such uses of the receiving waters 
as water supply or recreation are in- 
volved. The effect of increasing the 
amount of diversion to interceptors is 
clearly shown by this study to be in- 
significant within the range of reason 
able cost and practical size structures 
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It appears from this study of the 
problem that properly designed regu- 
lation and diversion of a combined 
sewer system will be about 99 per cent 
effective in preventing pollution re- 
sulting from the use of this type of 
sewerage system. The use of a sepa- 
rate sewer system may be effective in 
small systems and suburban areas, but 
the results of this study indicate that 
for extensive systems and densely popu- 
lated areas the cost of a separate sys- 


STORM OVERFLOWS FROM COMBINED SEWERS 


165 


tem is prohibitive and the results to be 
expected from such a system are en- 
tirely unsatisfactory. 

It is the conclusion of this study that 
where conditions are critical and 
greater protection from pollution than 
that accomplished by proper diversion 
of sanitary flow is warranted, the most 
effective method appears to be storm 
water treatment at the individual out- 
lets or at a common outlet for several 
adjacent systems 


POLLUTION OF LONG ISLAND SHELLFISH AREAS 


The pollution problems of the shell- 
fish industry of Long Island, N. Y., 
were reviewed in a paper presented at 
a meeting of the Long Island Section, 
New York State Sewage Works <Asso- 
ation, on December 8, 1949, by M. H. 
shellfish bacteriologist, New 
York State Conservation Department. 
Reasons for the coneern of regulatory 
and conservation agencies over pollu- 
tion of the shellfish areas are more 
readily apparent when it is realized 
that the 1948 production of clams, 
mussels, and oysters was valued at 
more than $8,000,000, with an addi- 
tional $2,100,000 in crabs, lobsters, 
seed oysters, and scallops. 

Although wastes of human and _ in- 
dustrial origin constitute a pollutional 
menace of significant proportions in 
some areas, hundreds of acres of very 
productive shellfish grounds are pol 
luted mainly by wastes originating at 
the many duck farms of the eastern 
half of Long Island. Pathogens in- 
volved in the duck wastes are of the 
Salmonella group, which in humans 


> 


Bidwell, 


can cause an intestinal disease resem- 
bling typhoid fever. Experiments have 
shown that plain settling for about one 
hour, followed by chlorination, will 
eliminate most of the objectionable 
duck waste that have formed 
sludge deposits in the bays, and with 
them most of the bacteria. 

Two other sizeable sources of pollu- 
tion in certain areas are the thousands 
of pleasure and commercial craft using 
these waters and discharging untreated 
sewage, and the overflowing cesspools 
and cesspools in ground water close to 
the shore. These sources are often ex- 
tremely difficult to find and regulate. 

Classification of the tidal waters in 
volved, under the Water Pollution 
Control Bill passed by the New York 
Legislature in 1949, will automati- 
cally apply to each area various 
physical, chemical, and bacteriological 
standards. Proceedings to enforce 
compliance with these standards may 
necessitate secondary treatment in 
many existing treatment plants now 
affording only primary treatment. 
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MATHEMATICAL RELATIONSHIPS IN SEWAGE 
TREATMENT 


By Raupu J 


Sanitary Engineer, Chas. W. 


This paper is a discussion of a group 
of mathematical expressions relating to 
sewage treatment processes. The basic 
equations for this group consist of : 

I 


Case II 
Case IIT 


(la 
(2a 
($s + mp) (1- Pp) 
dt 


Case dp 
dp 


dp 


K (s+ mp) dt 
-KC(1l—p)dt 
K 

(oa 


In these equations p is the proportion 
that the total action has gone to com 
pletion, as measured by the proportion 
of food material that has been 
stroyed; conversely, 1 — p must be t 
amount of food left per unit of food at 
the start; s is the amount of seed ma 
terial for each unit of food material 
present at the start; m is the amount of 


ue 


| 
A 


seed material formed per unit of food 
destroyed : t is the elapsed time; C isa 
constant for the rate of 
| III this constant 
cluded in s and m); K is a constant ex 
the effect of 

notably temperature; and 
dp/dt is the rate at which the action is 
occurring 

Although the amount of 
at the start and that used up in time { 


reaction (in 


(‘ases and IS In 


pressing conditions 


ho 


standard, 


i 


ood pi esent 


are the basic measurements of the proc 
esses herein studied, in many cases the 
values of these units are obtained by 
indirect measurements. Among } 
the 
oxygen used up, the amount of gas pro 
duced, the oxidation or reduction of 
compounds, the change in the ratio of 
volatile to fixed solid the nb 
bacteria present, or any other method 


Sil 


measurements are: amount of 


the observer if it ean be as 


f the 
is measured reasonably closely by 
indirect method selected 


may select, 


} 


the 


0 fo 


sumed that the destruction 
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Each of the above equations may be 
solved for p by dividing both sides of 
the equations by the terms involving p, 
and integrating. The constant of inte- 
gration is obtained by noting that when 
t 0, p 0 

The values of p thus found for the 
, Table I, 

2e, and 
Solving for t results in the values 
Col. b. The values in Col. d were 
obtained by substituting these 
of ¢ in the original equations. 

Case III has a point of inflection, 
the location of which is given by Eqs. 
and 3f, and the value of which is 
given by Eq 


three cases are given in Col. e 
and are designated as Eqs. le, 
9 

3c. 
in 


values 


og 
Example of Case I 


Only one example of each case is 
presented. Case I results from the re- 
sulfates to sulfides in sew- 
‘h sulfate has been added. 
This bacterial reduction was’ measured 
by Pomeroy and Bowlus (1) and the 
results as plotted by them are given in 
Figure 1. To with the 
form of the equation as given herein, 
reduced were substituted for 
es produced by multiplying the 
by 3, 3 p.p.m. of 
o 1 p.p.m. of 
The excess of 15 or 16 p.p.m. 
of sulfides produced, corresponding to 
45 to 48 p must, 
pointed out be due to sulfur com 


duction of 


age to whic 


correspond 


sulfates 


sul fic 


quantities given as 


¢ 


sulfates are equivalent t 


sulfide 
of sulfates, as 
pounds present in the sewage in addi 

the snifates added. In order 
o plot the results in the form used by 
the authors, it is necessary to multiply 
both Eq. la by F, the total 
amount food present at the start, 
and to use f to represent p F, the total 
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TABLE 1.—Basic Ryntiers and Derived Pussies for Three Rates of Metabolism. 
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LOUALS LLQUALS 


— 


ACS +7792) 


s(e%-7) a 
A = CONSTANT OF CASE IT MAS WAL EC TION AS 
2) * PROPORTION OF FOOD do/dt (sre? (39) 
BEEN CONSUMED fy Bae (3e) 
OF SELLING MATERIAL zZ £22. (3f) 
PRESENT PLR UNIT OF FOOD 


WHEN 
f= 


amount of food used up in the time f 
Thus, 
F dp/dt = K (sF + mp F) (Aa) 


Substituting S, the total amount of 
seed material present at the beginning, 
for s f, f for p F, and df for F dp, Eq. 
ta becomes 

df/dt = K (S —m f) tb) 


which when solved to the form of Eq. 
lb becomes 


(de 
Km 
By cut and fit a formula— 
0.1616 + 0.00768 
= { ) 


was obtained to fit the results. This 
was — after simplifying to 


= 300 log,, (1+ .0476f) (6) 


Eq. 5 in the form of Eq. 1b as modi- 
fied above, is shown in Figure 1, to- 
gether with the results of the experi- 
ments as taken from the published 
curve (1). The reaction proceeds in- 
dependently of the amount of food 
present until a point is reached where 
apparently the scarcity of food slows 


the rate of the reaction, as indeed it 
must at some time. There were not 
enough points given to locate aceu- 
rately the point of inflection, but it 
appears to occur when about 75 to 85 
per cent of the total action has elapsed. 

It is not difficult to find chemical and 
biological actions with larger organ- 
isms which parallel the reaction of 
Case I. A self-catalyzing chemical re- 
action would produce a similar equa- 
tion, and so would the geometrical in- 
crease curve of all life where the rate 
of increase is constantly proportional 
to the population. 


Erample of Case II 


The classic example of Case IL is, 
of course, Phelps’ formula for the self 
purification of sewage. The formula 


(2) is usually expressed as 


L,/L = 10** (7) 


in which Z is amount of food present 
at the start and JZ, is the amount of 
food left at time ¢. This can be re- 
duced to 


F—f)/F=1—-—f/F 
1—p=10*t = ef! 


and the third and the last terms can 
be transformed to Eq. 2b. 
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In most of the studies which have 
been made of this equation, Z and L, 
have been measured by the amount of 

removed from solution. For 
k has been found to be 0.1 

Because of its importance this for 
mula has been much studied. Phelps 
“There are no obvious 
reasons why a biochemical reaction of 


oxygen 
20°C 


states 3 


this sort should proceed in accordance 
with the monomolecular formula. The 
mplication is that the metabolic activi 
ties of the bacteria proportion them 
selves exactly to the concentration of 
available organic matter remaining at 
any time.’”’ 

Although 
be speeded with sewage alone, it can 


the oxidation rate cannot 


be made to operate at higher rates in 
Nor 
is it the presence of the oxidizable ma 
terial in the sludge which accounts for 
the high rate of action. Numerous ex 
periments (4) (5) (6) indicate that 
the sludge alone utilizes oxygen slowly, 
but when sewage is added the rate of 
pen 


the presence of activated sludge. 


utilization inereases immedi 
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ately and sharply, apparently a fune- 
tion of both the amount of seeding 
material present in the sludge and of 
the oxidizable material in the sewage. 


Example of Case Ill 


The example of Case III is the re- 
action resulting from the anaerobic 
digestion of sludge. A formula was 
developed by Fair and Moore (7). 
The present contribution is the assump- 
tion that one of the two constants in 
the formula is not a constant, but is a 
measure of the amount of seeding ma- 
terial present at the start. The funda- 
mental Eq. 3a appears to have a logical 
The term (s + m p) is made up 
of s, the original seeding material per 
unit of food available, plus the amount 
of seeding material which has devel- 
oped per unit of food destroyed, or a 
The term (1 — p) 
represents the proportional part of the 
original food still available. The prod- 
uct of these two is a measure of the 
contacts between the two. 

A parallel to this case and that of 


basis 


constant, m, times p 
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7 


PROPORTION OF REACTION CUAL TED 


2s 


TIME (N 


FIGURE 2. 


Case I is possible with larger organ- 
isms. If mice were in a granary the 
inerease in the number of mice could 
be by geometrie progression and the 
corresponding destruction of food 
would follow the curve of Case I( Fig- 
ure 1), including the abrupt halt when 
the food was nearly exhausted. If, 
however, the food were widely scattered 
over a large area, the rate of consump- 
tion of food per unit present would 
vary as the rate of contacts between 
the mice and the food supply, which 
would of course be a function of the 
concentration of mice (s + m p) and 
of the concentration of the food 
1—p). 

The data submitted by Fair and 
Moore can be represented by 


2.303 
~ 0.00393 — 0.291 
0.00393 — 0.291 p 
— p)0.00393 

which is in the form of Eq. 3b and in 
which s = 0.00393, m= 0.291, and 

In Figure 2, Curve 2 shows the value 
of t plotted against p. Also given are 
curves showing this relationship with 


s = 0.000003898) and with s = 3.93. 
Curve 1, resulting from the small value 
of s, illustrates the process when raw 
sludge is left to digest with only the 
small amount of seed material which 
is available from the sludge itself. 
This occurs when the sludge digestion 
is first started in a new plant. Curve 
2 is characteristic of most bottle diges- 
tion experiments. Curve 3 results 
when a large amount of seeding ma- 
terials is present at the start. It repre- 
sents the action which oceurs when a 
small amount of sludge is added to a 
sludge digestion tank. Note that the 
resulting curve resembles the ‘‘ Phelps’’ 
eurve of Case II. Actually, Curve 3 
is the same as Curves 1 and 2 to a 
different vertical scale and with the 
point of inflection submerged below the 
x-axis. Each of the three curves is 
symmetrical about a point of inflection 
and all approach asymptotes (upper, 
p= 1.0; lower, p=s/m). The three 
curves as shown are merely portions 
of the complete curve, which, if the 
distance between p= 1.0 and p 
s/m were made the same, would be 
similar, although in different positions 
with regard to tf. The similarity and 
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relationship between the three curves 
is shown in the insert (Figure 2a), in 
which the distances between the two 
asymptotes are the same for all three 
curves. 


Effect of Process 


The previous discussion is concerned 
with the which when 
a quantity of food is brought in contact 
with and the residual 
quantity of food and the original and 


reaction oceurs 


seed material, 
material re 
throughout the 
This is the condition that exists 


formed amount of seed 
main in contact 


tion 


reac- 


not only in the experiments cited, but 
also in B.O.D. determinations, in the 
self-purification of streams, in the com 
pressed air activated sludge process, 
and in secondary sludge digestion. 

A second process is with food ma 
terial added continuously or at regular 
intervals to a container of fixed volume, 
and thoroughly mixed up with all the 
material in the process while an equal 
volume is displaced, the displaced ma- 
terial being in the same state of reac- 
tion as exists with the contents in the 
container, This is the process of me 
chanical aeration tanks, and of primary 
sludge digestion tanks, especially those 
with stirring devices or with recircula 
tion pumps. Both of the above proces 
ses also are present in a single digestion 
tank where the upper level is stirred up 
by gas formation and the bottom level 
s thick and quiescent 


Still a third process is where the 
seeding material stays in the process 
and the food moves by it. This ideal 


condition occurs in trickling filters and 
be partially responsible for the 


purification this 


may 
rapid achieved by 


pt OCeSS 


Sludge Digestion Tanks 


In the digestion of sludge, raw sludge 
is added either intermittently or con 
stantly and mixed with a comparatively 
Mix- 
added raw 
seeding material 


large volume of digesting sludge. 
essential, as the 


sludge contains little 


ing is 
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and if unmixed the process would pro- 
ceed along the lines of Curve 1 (Figure 
2). The mixing is produced by stir- 
ring, by pumping, or by convection 
currents, aided by the action of the gas 
produced in the process. After this 
first stage the sludge passes to the sec- 
ond stage where, because of quiescent 
conditions and high viscosity, the proc- 
ess as expressed by Eqs. 3 prevails. 


Formula for Primary Digestion 


For a primary digestion tank V is 
the volume of the tank, and v is the 
volume of sludge added and leaving 
the tank in a unit of time ¢t. The vol- 
ume v entering the sludge contains n 
units of raw sludge per unit of volume. 
Therefore, V/v is equivalent to 7, the 
displacement period. 

Let it be assumed that raw sludge 
with a negligible amount of seed ma- 
terial is added continuously and mixed 
practically instantaneously with the 
content of the tank. Because of this 
the sludge removed contains the same 
f seed material and food (un 
digested sludge) as exists throughout 
the tank. Let 100 (1 — p) equal the 
percentage of undigested digestible 
both in the tank itself and 
in the sludge leaving the process. The 
quantity 100 p equals the percentage 
of total digestion accomplished by the 
tank. 

Therefore, from each unit of raw 
sludge added to the tank there results 
1 — p units of undigested sludge and 
m p units of seed material. Let it also 
be assumed that the rate of gas pro- 
duction, d@/dt, is a measure of the 
rate at which food is being changed 
to seed material. Therefore, because 
the digestion in each unit of food pro- 
ceeds at the rate determined by the 
product of seed material and the food 
existing in the mixture, 


ratio o 


material 


dG /dt knVmp (1—p) (9) 


Ilowever, the rate of food destroyed, 
or gas produced, is also equal to the 
difference in the rate at which food is 
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PROPORTIONATE PART OF STION COMM 2 


PROGRESS OF DIGESTION 
IN 


TWO STAGE DIGESTION TANKS 


EXAMPLE WORKED FOR 15-DAYS FIRST STAGE 
am) S-OAYS SECOND STAGE 


FIGURE 3. 


added to, and the rate at which it 
leaves the tank, or 
dG/dt =vn—vn (1—p) 
=vunp (10) 
Because Eqs. 9 and 10 must be equal, 


=K Tm (1-—p) (lla) 
or 


(l—p)= Kim (11b) 


The plot of (1 — p) against 7’ is an 
equilateral hyperbola. In Figure 3 this 
curve is plotted with a value of K m 
= 0.291, as taken from Eqs. 3. Thus, 


When T is less than the value 


K m, 
of p in the expression 1— p exceeds 
unity, which is not possible. When 
T is less than ates the rate of forma- 

K m, 
tion of seed material is less than the 
rate at which it leaves the tank, so no 
seed material is present and, theoreti- 
cally at least, there is no digestion. 


Figure for Two-Stage Digestion 


In the secondary sludge digestion 
tank the process proceeds according to 


Eqs. 3. Using m= 0.291 and s= 
0.291p, curves for Eq. 3b are drawn 
from various points on the curve 1 — p 
These broken-line curves 
(Figure 3) represent the secondary 
sludge digestion. Thus, the total per- 
centage of digestion accomplished can 
be obtained by taking the point on the 
solid line opposite the time in the pri- 
mary stage and following the dotted 
line of the secondary stage to the total 
digestion time. To obtain the actual 
time the sludge is in the secondary 
digestion tank it is necessary to have 
not only the record of sludge added 
and sludge and supernatant liquor re- 
moved, but also to know the history 
of the separation of the supernatant 
liquor from the sludge, which latter is 
not ordinarily available. 

The maximum total reduction of 
1 — p (or the maximum inerease of p) 
is obtained by keeping the process in 
the first stage until the rate of redue- 
tion is equal to that of the second stage 
for the same value of 1—p or p. 
Differentiating both sides of Eq. 11, 


—Kmdp = dt = —(1—p)*k* m' dt 
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Therefore, 


dp/dt = km(1—p)* 


Equating this to the value of dp/dt in 
Eq. 3a, 


dp/dt K 


m ] p 


Consequently, the maximum reduction 
is obtained when action proceeds one- 
half of the way to completion in the 
primary stage of the digestion. With 
m= 0291, the time in the primary 
stage that would theoretically produce 
maximum digestion is 6.9 days 

As the two states or stages of per 
fectly mixed and of quiescence contact 
undoubtedly the 
start and finish of the process in diges 


are approached at 
tion tanks, there must be a tank volume 
and a corresponding period of time in 
between, during which a more or less 
mixing takes place. Re 
Figure 3, under actual con- 
ditions the curve of the digestion proc 
ess would follow up the heavy curve of 
the first stage for a while, leave it at 


complete 


ferring to 


a tangent, slope away from the curve 
reverse with a slightly S-shape and 
finally become tangent to a curve of the 
second stage 

It is, of course, apparent that mixing 
is essential at the otherwise 


start, as 
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the digestion process would follow the 
slow rate of a self-seeded process as il- 
lustrated by Curve 3, Figure 2. This 


mixing, however, produces a short cir- 
euiting that. carries undigested ma- 
terial out of the stage. The conclusion 
from the above discussion and from 
an examination of Figure 3 is that for 
best results mixing should be main 
tained until the digestion process has 
gone half way to completion, and that 
after that the more quiescent the ma- 
terial the better the results. The maxi- 
mum possible digestion for a given 
period of time is represented by the 
heavy and light solid lines forming the 
left limits of the curves of Figure 3. 


Relationship of the Basic Formulas 


The relationship between the three 
basie formulas is that the differential 
of iif one 
each of which occurs in Cases I and I], 
the other term being a constant. How- 
ever, if curves for the that 
occur were extended it would be seen 
that Cases I and II are really skew ver 
sions of III. This is illustrated 
in Figure 4. Figure 4a the 
curves as for the formula herein de- 
rived: Figure 4b shows the curves of 
The 
relationship is more apparent if the 
derivative dp dt is plotted against p, 
Figures 4e and 


Case contains two terms, 


actions 


Case 


shows 


the action as it actually occurs. 
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FIGURE 4. 
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4e show the relationship as herein 

given, whereas Figure 4d and 4f show 

the true relationship. For Case II 

(Figure 4g) there is no discrepancy 

between the formulas given herein and 
. the results of tests. 

If Eqs. la and 2a are to be correct 
over their entire range they should 
contain a second term that is a constant 
or nearly a constant over much of the 
range in values of p, but which drops 
or rises from zero very sharply. The 
three formulas could all be represented 
by 

dp —n p*(1—p)? dt 


in which the following number (0.1) 
represents the order of magnitude (but 
not the actual values) of a and b where 
not equal to unity. 


Actual Curves Theoretical Curves 


| a b a 5 
Case I | 1 0.1 1 0 
Case II | 0.1 1 
Case ITT | 1 | 
| | | 


This is only one of a number of ways 
in which the direet and indirect rela- 
tion between the rate of the action and 
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the amount of seed material and of 
food present could be represented. 


Discussion 
The number of equations whose 
curves would fairly represent an 


orderly set of data is unlimited and a 
good fit is not necessarily proof of the 
validity of the formula. It may be 
asked if such a simple set of formulas 
as herein presented actually represents 
the complicated and involved relation- 
ship which must exist in a bacterial 
jungle such as a sludge digestion tank. 
Perhaps it could. In spite of the com- 
plexity there must be a certain bottle- 
neck action which controls or places a 
ceiling on the rate of the total action, 
and this control may have the simple 
relationship to the total action as herein 
given. Probably a more serious ob- 
jection would be that different proe- 
esses would take over the control at 
various stages of the total process and 
the resulting formula is an over-all ap- 
proximation of the results from a series 
of controlling actions. 

From a_ practical standpoint, a 
formula which would give the relation- 
ship between the variables within rea- 
sonably close limits could be used as a 
basis for practical conclusions. 
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DUAL GARBAGE AND SEWAGE DISPOSAL PROJECT 
FOR SAGINAW, MICH.* 


By Georce E. Huppert. 


Hubbell, Roth & Clark, Inc., 

The City of Saginaw, Mich., is sew 
ered on the combined plan, the sewage 
from a present estimated population of 
92.000 being discharged without treat- 
ment from the outlets of 
which are located along each side of 
the Saginaw River. Because many of 
the sewers are below flood river stage, 
the problem of collecting the sewage 
involves storm water pumping during 
periods of high river level. In addi- 
tion to the collection and treatment of 
the sewage, the city desired to provide 
for the disposal of garbage at the sew 
age disposal site, as an integral part 
of the treatment 
such was feasible 
nomicai 

The Saginaw 
10,437-acre 
Side 


28 sewers, 


scwarpe process, if 


inclusion and eco 
divides the 
city 


River 
area of the into an 
having an area of 
and West Side section of 
see Figure 1 The Sagi 
drainage basin above the 
The 
average daily stream flow is estimated 
at 1,000 e.f.s. with minimum daily flow 
of 500 «fs Flood flows of 62,000 
e.f.s. have been observed. 

During the period 1904 to 1946 in 
clusive, the flood stage at Genesee St 
exceeded Eley 34 times, the 
maximum recorded elevation of 591.2 
1904. The 
outlets discharge at 


Kast section 
5.6 4 acres, 
£805 acres 
Rivet 
city has an area of 6,200 sq. mi 


naw 


some 
occurring in majority of 


the sewer Invert 


elevations varying from 580.0 to 583.0 
Approximately 10 per cent of the resi 
dents within areas below flood 


Study of the daily flood-stage 


live 
stage 
24th 


Michigan Sewage Works Association: Tra 
verse City, Mich.; May 25-25, 


* Presented at Annual Conference 


1940 


Consulting Engineers, Detroit, Mich. 


records indicated that flood stages can 
exist for periods up to two weeks, dur- 
ing which time rainfall producing run- 
off occurs. Flood stages of the Sagi- 
naw River have all occurred during 
the months of March, April, and May. 
During these same months, rainfall in 
tensities are approximately 50 per cent 
of those occurring during July. Ae 
cordingly, the formula 


in which J is the rainfall intensity 
in inehes per hour and ¢ is the time of 
concentration in minutes—was adopted 
water 
runoff during the months of flood stage. 


as the design basis for storm 


Flood pumping capacity is to be pro- 
vided as follows: 


Unit Flow Area Total Flow 

Location | (c.f.s./acre acres) ».) 
East Side 0.27 | 5,185 | 1,400 
West Side? 0.36 3,015 1,100 
Average 8200 | 2.500 


0.30 | 
‘ Weiss St. drainage from 2,000 acres to dis- 


charge directly to the Saginaw River by 


gravity. 


Tunnel Interceptors 


In order to collect the sewage from 
outlets, a tunnel inter- 
ceptor will extend along each side of 
The West Side interceptor 
Weiss Street to 
join the East Side interceptor, which 
continues to the treatment plant at the 
northeast limits of the city. All sew- 
age flow to the interceptor will be con- 


the various 


the river 


crosses the river at 
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trolled and regulated. The interceptor 
is designed on the basis of the maxi 
hourly flow being 50 
160,000 population at 324 g.e.d.), 
storm flow being 160 
160,000 population at 648 g.c.d 

storm water flow during flood 


mum 
¢.f.8 
the 

ets 
and the 


sewarce 


protective 


periods being equal to the storm sys 
ity of 2,500 e¢.f.s 
tion of sewage flow into the interceptors 
will be from the depth of flow in the 
combined Storm flows in ex- 
per 1,000 population 


tem capa Recula- 


sewers 
cess of 0.5 e.f.s 
will discharge directly to the river dur 
Each regu 
lator chamber has an overflow weir set 


ing normal river levels. 
at approximately the hydraulic gradi- 
ent of the sewer to permit passing full 
storm the sewer di 


rectly to the river without storm over 


flow capacity of 
flow into the interceptor 
flood 
flows will discharge over the regulator 
the 


During river levels, storm 


chamber weirs into intercepting 


system. Backwater gates will prevent 


2 


4 


SEWAGE AND INDUSTRIAL WASTES 


February, 1950 


discharge of flood river water into the 
Flood pumping stations 
located at Webber, Emerson, and 
Fourteenth Sts. on the East Side, and 
Haneock and Weiss Sts. on the West 


Sid 


sewer system 


will pump from the interceptor 
svstem, which will operate at hydraulic 
gradients, independent of the invert 
crade, of sufficient slope to convey the 
storm water laterally to the pumping 
stations. The intercepting sewers thus 
the dual collecting 
sewage and carrying storm flows dur- 


serve purpose of 
ing flood river levels 


Regulator chambers have been di- 
vided into two general classifications 
Figure 2). Type A chambers, 
serving sewers over 30 in. in diameter, 
are provided with a standard regulator 
and sluice gate, together with back 
Type 
B chambers, for sewers from 12 in. to 
(0) in. in diameter, are provided with 
a sluice gate for regulation of the sew- 


see 


water gate and overflow weirs. 


age flow, together with overflow weirs 


SECTION 22 


TYPE B REGULATOR. CHAMBER 


SECTION 2-2 


TYPE A REGULATOR CHAMBER 
FIGURE 2.—Regulator chamber details. 


ak 
| 
| 
| 
| 
pi | | T 1 | | | 
1 | { ADA 
id /—+ 
SECTION 11 

| 

Say 
i 

| 

| 


Vol. 22, No.2 DUAL GARBAGE AND SEWAGE DISPOSAL PROJECT 177 


and backwater gate. Particular care 
was used in the location of each regu- 
lator chamber to permit construction 
with a minimum interference with auto 
and rail traffic. 

The interceptor system consists of 
tunnel sewers ranging from 48 to 78 
in. in diameter. During periods of 
maximum runoff under flood condi- 
tions, maximum velocities of 12 f.p.s. 
will occur in the tunnel sections ad- 
jacent to the flood pumping stations. 
The tunnels are approximately 40 ft. 
below ground level, located in blue 
clay suitable for tunnel construction. 
A gravity crossing beneath the Sagi- 
naw River, use of steep gradients dur- 
ing flood periods, and good construc- 
tion conditions were considerations in 
fixing the tunnel depths. 

The river crossing consists of 42-in. 
conerete pipe having an 8-in. wall thick- 
ness and rubber gasketed metal joints 
with two 15¢-in. tie bolts at each joint. 
Direetly under the river proper, the 
foundation is sand and gravel; for 
approximately 1,000 ft. west of the 
river bank, the foundation is soft, wet, 
vray silt requiring wood pile support 
and steel sheeting during construction. 

Principal quantities of tunnel inter- 
ceptor construction are as follows: 


Diameter Length 
(in.) (ft.) 
48 5,000 
54 1,900 
66 17,300 
72 16,500 
78 3,700 


Pumping Stations 


Storm water and flood pumping sta- 
tions are of circular caisson type con- 
struction. Two stations are located on 
the West Side; one at Hancock St. 
with eight gasoline engine-driven 
pumps, and one at Weiss St. with three 
electric-driven pumps. On the East 
Side, there is a station at Webber St. 
with three electric-driven pumps; one 
at Emerson St. with six gasoline en- 
gine-driven pumps; and one at Four- 


teenth St. with three electrie-driven 
pumps. All pumps are similar, each 
having a capacity of 100 ¢.f.s., those 
at Webber St. and Fourteenth St. to 
operate at 15-ft. head, and the re- 
mainder at 28-ft. head. The pumps 
are of the vertical propellor type, op- 
erating at 490 r.p.m. without suction 
or discharge valves, and each equipped 
with a backwater gate on the outlet. 
The pumping units hang in wet wells, 
which are maintained in a dry state 
during periods of normal flow in the 
interceptor system. The wet wells are 
sealed from the interceptor by means 
of tide gates. Each station is equipped 
with bar sereens having 3-in. clear 
openings. All discharge backwater 
gates are above normal river levels to 
permit ready inspection. 

The choice of gasoline-driven pump- 
ing equipment for 14 of the units was 
based on the desire to be independent 
of power failure at the Hancock St. 
and Emerson St. stations, as these sta- 
tions are strictly flood pumping sta- 
tions. In addition, their infrequent 
operation places them in a very un- 
desirable position so far as power rates 
are concerned. The Webber St. and 
Fourteenth St. stations are storm water 
pumping stations required to pump 
low-level areas during periods of storm 
water runoff, and will be automatie in 
operation. The Weiss St. station is to 
be equipped with electrie motor-driven 
pumps to provide for automatic de- 
watering of the interceptor system 
during periods of storm spill into the 
system. 

The Webber St. and Fourteenth St. 
pumping stations each have three 200- 
hp., 440-v. induetion motors; the Weiss 
St. station, three 350-hp., 440-v. indue- 
tion motors. Across-the-line dead- 
front starting equipment is used in 
each station. The gasoline engines in 
the Hancock St. and Emerson St. 
pumping stations are to deliver 450 
hp. at 1,200 r.p.m., and drive the verti- 
cal pumps through right-angle drive 


| 
| 
{ il 
tm 
| | | 
il 
| 
| 
| 
| 


178 SEWAGE AND INDUSTRIAL WASTES 


units capable of transmitting 400 hp. 
at a speed reduction ratio of 1: 2.4. 


Garbage Collection and Disposal 


Prior to the inclusion of garbage dis- 
posal as a part of the sewage treatment 
plant, a study was made of various 
methods of handling and disposing of 
the garbage at the treatment plant. 

Saginaw maintains city-owned or 
leased dumps and provides collection 
of ashes during the winter months. In 
addition, rubbish collected during the 
spring cleanup and debris from street 
cleanup operations are disposed of by 
the cits 
lectors of rubbish also use the city 
Of the 23,000 homes in 
about 7,000 in winter and 


Private individuals and col- 


dump “areas 


Saginaw 


INTERCEPTOR 


160 CFS 


a" 
— 
TANKS 


STOFAGE 


rr 

wi 

GRINDERS 5 


SVBMERGED OUTLET 
SRG NAW FiveR 


GROUND GARBAGE 


FIGURE 3.—Sewage and garbage treatment plant flow diagram. 
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10,000 in summer use the services of 
seven licensed private garbage collec- 
tors. About 60 to 70 per cent of the 
homes are without regular garbage col- 
lection service. 

To provide for uniform collection 
service and adequate sanitary disposal 
of the garbage, the city plans to ulti- 
mately provide garbage collection as a 
city function with disposal of the garb- 
age by Garbage and 
rubbish will be collected separately, 
using standard collection equipment. 
Garbaye will be received at the treat- 
ment plant, and dumped into a receiv- 
ing hopper located within the garbage- 
handling room From 
the hopper, the garbage is elevated on 
a pan conveyor for hand sorting and 


incineration. 


(see Figure 3 
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inspection prior to discharge into dry- 
type grinders. The ground garbage is 
discharged into dual receiving tanks, 
from which it can be either pumped or 
mechanically elevated to a belt con- 
veyor. If pumped, the garbage goes 
to storage and decanting tanks, where 
it is mixed with the raw sewage solids 
for dewatering on vacuum filters and 
incineration. If elevated to the belt, 
it ean be fed directly to the incinerator ; 
or solid materials such as bone, glass, 
ete., can be discharged directly to 
trucks for disposal on fill areas. 

The foregoing direct method of dis- 
posal was adopted only after a 
thorough study of the economies of the 
digestion of the garbage solids with the 
sewage solids. The types of combined 
sewage and garbage solids disposal 
units considered were: (a) filtration 
and ineineration; (b) digestion, filtra- 
tion, and incineration; and (e) diges- 
tion, filtration, and sludge beds. 

(‘omparative cost studies were made, 
not including the cost of garbage col- 
lection or the cost of operating the 


Sewage Only; 
Filtration and 
Incineration 
Plant load (tons)+2 17,236 
Sludge cake (tons)* 10,650 
Wet sludge (cu.yd.)* 
Dried sludge (cu.yd.)* | 
Incinerator capacity (tons per 
day)’ 39 
Construction cost $238,000 
Annual oper. cost 30,000 
Interest and depree. 12,000 


Total annual cost $ 42,900 


Cost per ton-plant load 82% | 
moist basis 


Annually. 
282 per cent moist basis. 
* Based on maximum month, 
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garbage handling building. Interest 
on capital expenditures was computed 
at 2.5 per cent, and depreciation was 
based on the estimated life of the con- 
struction on an annuity basis at 2 per 
cent interest rate. Equipment sizes 
were proportioned to provide the 
equivalent of two-shift operation, so 
that salaries and wages for operation 
of the various systems remained the 
same. The cost of chemicals varies 
directly with the solids load, and was 
so evaluated. Credit for excess gas 
available for pumping sewage and 
building heating was allowed for under 
plans (b) and (ce). Digester capacity 
was computed on the basis of 30 cu. ft. 
per pound of volatile solids added daily 
during the maximum month. Sand 
beds for sludge drying were estimated 
at 6 acres. Green, wet garbage was 
estimated at 0.6 lb. per capita per day 
at 82 per cent moisture, with total sew- 
age and garbage dry solids removal and 
requiring treatment during the maxi- 
mum month (September) equal to 0.33 
lb. per capita per day, with an average 


Sewage and Garbage } 


| tion, Sludge Beds 
| Filtration, sind 
Incineration 
30,417 30,417 30,417 
20,988 | 11,166 
. | 48,924 
9,785 
77 | 41 
$264,000 | — $926,000 $959,000 
42.700 | 28,700 15,900 
13,400 | 42,900 42,400 
$56,100 | §$ 71,600 $ 58,300 
| 
$1.84 | $2.35 $1.92 
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FIGURE 4.-—General site plan of treatment plant. 


Esti 
hiates were made for a connected popu 
lation of 120,000 


Volatile content of 72 per cent. 


Based in part on the foregoing, an 
showed 
that the net cost of disposal of. wet, 
filtration and in- 
cimeration should be estimated at $1.00 


economic analysis (see p. 179 


vreeti varbage by 
per ton 

As a result of the analysis and after 
Inspection of various existing sewage 
ordered the 


inclusion of garbage disposal facilities 


plants, the City Couneil 
in the design of the sewage treatment 
plant. On the basis of minimum costs 
of operation, and elimina 
ligester overflow problems with 
lecrease in plant efficiency 
thod of filtration and in 
solids was adopted 


Description of Treatment Plant 

The sewage plant is located on a 14 
Figure 4) at the northeast 
Saginaw River ele 


cre site 
orner of the eity 
vations at the point of sewage discharge 
577.0: 


flood. 


Elev 


1904 


low month, mean, 


PSO LD 


The pl int isto be located on the east 
where there is an excel 


lent clay formation. The first floor 


will be set at Elev. 592.0, above flood 
level, with basement floor at Elev. 
As the existing site is at Elev. 
the plant will be constructed 
with a minimum of exeavation. The 
reneral plant site will be filled to Elev. 
590.0 


The plant is of the primary treat- 
ment type, with chlorination of the 
effluent. 
Figure 3 


A flow diagram is given in 

All plant units have been 
designed for a population of 160,000 
except the settling tanks and the sludge 
and garbage equipment, which have 
been designed for 120.000 population. 
The expected sewage flows are as shown 
in Table J] 

Sewage reaches the plant through a 
72-in. interceptor with invert at Eley. 
41.7, and passes through a bar screen 
having 3-in. clear openings. Syn- 
chronous motor-driven pumps (two at 
15 ¢.f.s., two at 42.5 ¢.f.s., and one each 
at 20 and 25 ¢.f.s.; total, 160 ¢.f.s.) dis- 
charge to the grit chambers at overflow 
Elev. 594.5 

The pumping station, of the cireular 
type with 44-ft. inside diam- 

o9.5-ft. maximum depth, is 
provided with motor-operated shutoff 
gates, surge riser, and overflow bypass. 


Caisson 
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TABLE I.—Design Sewage Flows for Saginaw, Mich., Project 


Total Flow 
| 
Type of Flow are 120,000 Pop. 160,000 Pop 
j (c.f.s.) | (mg d.) | (m.g.d.) 
Aver. yeasty | 0.20 ao) | 20.7 
Max. daily 0.32 a4 | ms | 513 33.2 
Max. hour (0.50 60.0 | 388 s0.0 | 518 
Min. day 0.14 168 | 108 | 224 | 5 
Positive wet-well ventilation is pro- required to provide for optimum set- 


vided by a 4,000-c.f.m. blower discharg- 
ing fresh air into the well. 

Four grit chambers, each equipped 
with a mechanically-cleaned bar screen 
having 1l-in. clear openings, together 
with four screenings grinders each 
having a capacity of 1,100 Ib. per hour, 
provide for grit removal and screen- 
ings treatment. Control of the grit 
chamber is by means of motor-operated 
gate valves. The design velocity is 
0.68 f.p.s. with 1.5-min. detention. 
Grit removal is by means of V-bucket 
scrapers with elevation of the grit to 
overhead storage hoppers for screw 
conveyor discharge to trucks. From 
the grit chamber, the sewage flows 
through a 60-in. concrete pipe to a cen- 
tral distribution weir chamber, where 
a four-unit sharp-crested weir divides 
the flow to the settling tanks. 

Three primary settling tanks, eae ch 
100 ft. in diameter and having a side 
water depth of 11 ft. 10 in., with water 
surface at Elev. 591.5, are fed from 
the weir chamber through submerged 
influent conduits 2 ft. 6 in. square. At 
the center of each tank the flow is di- 
rected vertically by means of a baffle, 
which divides the 36-in. riser into four 
compartments. Above the riser is a 
series of five horizontal plate orifices 
ranging in opening diameter from 35 
in. to 20 in., and spaced over a vertical 
height of 8 ft. Surrounding the inlet 
at a diameter of 14 ft. is a series of ad- 
justable diffuser vanes, which in the 


tangential position provide a complete 
closure, but which may be opened as 


tling conditions. The inlet structure 
is an integral part of the support for 
the sludge removal mechanism. The 
effective volume of each tank, not in- 
cluding the cone, is 700,000 gal., pro- 
viding a total volume of 2,100,000 gal. ; 
total tank surface is 23,550 sq. ft.; and 
total weir length, 942 ft. For the av- 
erage yearly flow of 15.5 m.g.d. the 
settling tanks provide a nominal deten- 
tion period of 3.25 hr., a settling rate 
of 658 g.p.d. per sq. ft., and an over- 
flow rate of 16,500 ¢g.p.d. per ft. of 
weir; for the maximum pump capacity 
provided the values are respectively, 
0.49 hr., 4,400 g.p.d. per sq. ft., and 
110,000 g.p.d. per ft. 

F'rom the settling tank, the sewage 
flows to a chlorine contact tank 100 ft. 
in diameter, with side water depth of 
9 ft. 10 in. This 650,000-gal. tank is 
equipped with sludge removal equip- 
ment and an inlet similar to the pri- 
mary tank inlets. Water surface is at 
Eley. 589.0, with feed through a 4- by 
5-ft. submerged influent conduit. For 
a 15.5-m.g.d. flow the chlorine contact 
tank provides a nominal detention 
period of 60 min., which, at a 4,000-lb. 
per day rate makes the maximum avail- 
able dose 31.0 p.p.m. 

Model studies of circular tanks 
equipped with the horizontal orifice 
type inlet and diffuser vanes, indicate 
that approximately 5 per cent of the 
flow is retained for less than 43 per 
cent of the nominal detention time. 
Thus, at the 15.5 m.g.d. rate, 5 per cent 
of the flow will be detained for less 
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than 26 min.; 36 per cent will be re- 


tained from 26 to 52 min.; 28 per cent 


from 52 to 78 min.; 17 per cent from 
78 to 104 min.; 9 per cent from 104 to 
130 min.; and the remaining 5 per cent 
from 130 to 180 min, 

The plant outlet consists of 563 ft. of 
60-in. reinforced econerete pipe, with 
each 12-ft length supported on four 
wood piles. At the river bank, a stop 
log chamber is provided at the outlet 
transition to 60-in. lined and coated 
7%-in, thick steel pipe, which extends 
below river bottom to a submerged cir- 
cular diffuser outlet crib. The top 
of the erib is set 22.5 ft. below the U.S. 
Lake Survey low water datum, and is 
designed to prevent damage due to 
dragging anchors. The outlet has an 
S-ft. diameter cap set 1 ft. above the 
deck and provides for mixing of the 
sewage flow with the river flow 

Two 150-g.p.m. plunger-type sludge 
pumps provide for discharging sludge 
from the settling tanks to three 4,000 
cu. ft. sludge storage tanks used for 
lecanting and thickening the sludge 
prior to filtration, One tank is 
equipped with a bucket sludge elevator 
having a variable capacity from 13 to 
280 g.p.m. for feeding the sludge filters 
All sludge piping is 6-in. diameter cast 
iron, and provision is made for back- 
flushing all lines with settled sewage 
and for direet pumping to the filters or 
to tank trucks 

Sludge dewatering equipment con 
sists of two 250-sq. ft. vacuum filters 
Provision is made for two additional 
filters 

Sludge cake is discharged on to a 
horizontal belt 24 in. wide, operating 
at a speed of 75 ft. per min., that dis 
charges either to the incinerator or to 
a truckway hopper Total 24-hr. out- 
put of the two filters is 86 tons of 


ke based on 5 \b. of dry solids 


sludge 
per square foot per hour at 65 per cent 
moisture. The estimated required 
maximum month output for a tributary 
population of 120,000 is 77 tons per 


dav 


February, 1950 


Sludge will be incinerated in one 6- 
hearth unit having an outside diameter 
of 20 ft. 9 in. and capable of burning 
sewage sludge cake containing ground 
raw garbage at a continuous rate of 
120 tons per 24 hr. Provision is made 
for direct discharge of ground garbage 
to the incinerator. Combustion gases 
from the incinerator pass through a 
dust flue with dust removal conveyor, 
and thence to a 110-ft., high tempera- 
ture, brick stack. Ash is fed through 
an elevator and screw conveyor to a 
storage bin having a capacity of 500 
eu. ft., from which an 18-in. screw con- 
veyor discharges to the truckway. A 
12,000-gal. underground oil storage 
tank provides for building and incine- 
rator oil requirements. All oil-burn- 
ing equipment is designed for handling 
No. 5 fuel oil. 

The garbage handling equipment 
consists of two garbage receiving hop 
pers of 1.560 eu. ft capacity : two garb- 
age pan conveyors 4 ft. wide with 
speeds from 5 to 30 ft. per min. for 
elevating the garbage from the receiv- 
ing hopper to the grinders (material 
that will damage the grinders is sorted 
on the conveyor and placed in cans for 
removal by trolley hoist to trucks) ; 
two rotary-knife-type dry grinders, 
each having a capacity of 6 tons of 
green garbage per hour; two vround 
garbage storage tanks, each of 6,000 
eu. ft. capacity and hopper-bottomed, 
with removal of ground garbage by 
gravity drains to the pumping station, 
pump, or bucket elevator; two centri- 
fugal ground garbage pumps, each 
having a capacity of 130 g.p.m.; two 
vertical dewatering bucket elevators for 
discharge direct to garbage conveyor 
belt; garbage conveyor belt for dis- 
charge of ground garbage direct to in- 
cinerator, or for discharge of ground 
glass, bones, ete., to trucks in the truck- 
way 

Equipment for handling the various 
chemicals is as follows: 
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Time.—Truck discharge of pebble 
lime into a truckway hopper with a 9- 
in. conveyor having a capacity of 20 
tons per hr., to elevate the lime to a 
50-ton storage bin. The conveyor also 
discharges from the storage bin to an 
auxiliary hopper feeding a 5-in. con- 
veyor serving the lime slaker. A belt- 
type automatic feeder and 500-lb. per 
hr. slaker discharge into the sludge 
mixing tank. 

Ferric Chloride.—Storage is pro- 
vided in a 10,000-gal. rubber-lined steel 
tank located in the basement. Two 20- 
g.p.m. pumps discharge into two volu- 
metric feeders, each of 200-gal. ca- 
pacity, which in turn feed into the 
sludge mixing tank. 

Chlorine.—Automatie proportionate 
feed control equipment with two chlo- 
rinators, each having a capacity of 
from 400 to 2,000 lb. of chlorine per 24 
hr., is served by two recording scales 
and overhead hoist equipment for 
handling ton containers. 


The plant water supply consists of 
a domestic supply extended from the 
city system and serving all drinking 
fountains, lavatories, toilets, and hot 
water system and a separate industrial 
system. The industrial system receives 
its supply through an air-break gravity 


tank, from which it is repumped to a 
pressure storage tank serving all sew- 
age equipment, hose outlets, flushing 
connections, and the chlorinators. 

The plant heating system consists of 
two low-pressure oil-fired boilers, each 
rated at 4,340 sq. ft. of radiation. The 
office, laboratory, and pump room are 
heated with cast iron radiation, the 
plant proper being heated with unit 
heaters. Power ventilators are in- 
stalled in the garbage receiving and 
grinding rooms, as well as in the in- 
cinerator enclosure. 

Primary electric service (at 22,000 
v.) is obtained from the local power 
company. A _ 1,500-kva. transformer 
located on the grit chamber deck sup- 
plies 2,400 vy. for the synchronous 
motor-driven sewage pumps. The plant 
power supply is stepped down to 440 
v. through a 300-kva. transformer, with 
individual 110-v. lighting transformers 
spaced throughout the plant. 
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EFFICIENCY STUDY OF A RECIRCULATING SEWAGE 
FILTER AT CENTRALIA, MO. 


By W. A. Moore, R. 8S. Samira, C. C 


tat, Publie Health 


Public Health Service, 


Sentor 


A study of various methods of oper- 
ating the Centralia, Mo., 
plant 


sewage treat 
a small, shallow 
was made with the aid 
Public Health Service trailer 

The design of the plant 
permitted operation both without re 
recirculation to 
the primary tank influent of either final 
effluent, filter effluent, or final clarifier 
tank liquor withdrawn 
from the sludge pipe). The informa 
tion and results of this study are pre 
sented here 

The Centralia plant 
treats predominantly domestic sewage 


ment having 
trickling filter, 
of a 


laboratory 


» 


circulation and with 


underflow 


overdesigned 
The plant was designed as a two-stage 
biofiltration plant, but only one trick- 
Sewage en 
and, after 
passing through the grit chamber and 


ling filter was completed 
ters the plant by gravity 
comminutor, flows to the primary elari 
rhe 
ity to a wet well and is intermittently 


fier settled sewage flows by vray 
lifted by a float-eontrolled centrifugal 
pump to the distributor of the 
-ft. deep trickling filter. The filter 
effment fl the final 


rotary 


it flows by gravity to 


settling tank, and finally to a diteh 
Except in 
study period IV, sludge from the pri 


returned \ 


vravity to the plant influent 


Recireulated flows are 


mary tank and from the final settling 
tank was pumped to the digester daily, 
the digester supernatant being auto 
displaced and returned to 


ahead of the 


matically 


the 


minutor 


writ ¢ } amber eom 
Settling Tank Characteristics 


Preliminary to the study, tests were 
made on the flowing-through period of 


Engineer, 
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and San. Engineer Director, Respectively, 


Environmental Health Center, Cincinnati, Ohio 


the settling tanks under conditions of 
no recirculated flow by adding 25 gal. 
of sewage containing 30 lb. of dissolved 
salt to the plant influent. Samples of 
effluent were collected frequently and 
titrated for chlorides. The results of 
the study of the settling tank char- 
acteristics are summarized in Table I 

Due to the low flow and the lack of 
recirculation, the theoretical detention 
periods were very long (8 to 15 hr.’ 


TABLE I. —Clarifier Hydraulics, Centralia, 
Mo., Sewage Treatment Plant 


ical overflow rate 


verfl rate (g.1 
verflow rate (g.1 


eagetical detention 
rh peno i 


low*through 


low-throug 


' By salt test. 
* Taken as 
minutes to pass 10 per cent of salt 
100, 
rainutes to pass ©) per cent of salt 
and the overflow rates were unusually 
90) to 105 ¢ p d per foot of weir 
length). The flow of sewage to the 
primary tank was continuous, but the 
flow to the final tank was discontinu- 
ous due to the intermittent operation 
of the pump feeding the rotary dis- 
tributor of the filter. In each 10 
interval the distributor was 
in operation about one-half the time. 
The flowing-through period of the set- 
tling tanks was found to be about one- 
half of the theoretical detention period. 


low 


to 15-min 


Filter Distribution Tests 


During the course of the investiga- 
tion, pan tests for sewage distribution 
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TABLE II.—Rotary Filter Distribution Data 


| Centralia, Mo. a Neosho, Mo 

Flow rate (g.p.m.) | 168 452 | 650 | 1,200 
Dosing rate (g.p.m. /sq.ft.) | 0.18 | 0.50 | 0.52 0.40 
Coefficient of area 0.97 | 0.97 | 1.0 0.98 
Coefficient of distribution 1.76 | 1.96 1.56 1.68 
Dosing ratio 1.56 1.68 | 1.62 1.54 
Mean depth (,’, in.) 20.8 15.5 19.4 25.3 
Standard deviation in.) 8.80 6.80 644 | 10.5 
Coefficient of variation 2.3 | : 3.2 5 


on the filter were made at two differ- 
ent rates of flow to the distributor. 
In one case, the variable speed drive 
on the pump was set so that the flow 
was just enough to start the distributor 
rotating; in the other, the pump was 
speeded up to the limit of the variable 


speed drive. The rates of pumpage 
were 170 and 450 g.p.m., respectively. 
The distribution tests were made in 
the same way as described in the sew- 
age filter study at Elizabethtown, Ky. 
(1), so that the results can be com- 
pared (Table II) with the results of 


tests on the rotary distributors at 
Elizabethtown, Ky. (1), and Neosho, 
Mo. (2). 


It may be noted that the coefficients 
of distribution and the dosing ratios 
at Centralia compared favorably with 
those criteria given for most of the 
plants studied by Walton (3). 


Experimental Operation and Data 


The experimental operation of the 
plant was divided into four periods 
of one week each. Samples and flow 
readings were taken Monday through 
Friday for each period. The source of 
recirculated flow was then altered, and 
Saturday and Sunday were allowed 
for the filter to become adjusted be- 
fore sampling. The method of opera- 
tion during each of the four periods is 
shown diagrammatically in Figure 1; 
dates and other pertinent data are 
given in Table III. 

The average flow of sewage and re- 
circulated liquor was computed from 
the weir readings taken at the time of 


sampling—every 30 min. from 8:00 
aM. to 12:00 midnight each day. 


Daily recorder values were used to com- 
pute the detention and overflow rates 
of the primary and secondary settling 
tanks. 

The 32 half-hour samples of raw sew- 
age, primary effluent, filter effluent, 
final effluent, and recirculated liquor 
were each composited in proportion to 
the flow, stored in an ice-box and ana- 
lyzed the following day. Morning 
samples of raw sewage, primary efflu- 
ent, filter influent, filter effluent, and 
morning and afternoon samples of final 
effluent were analyzed for dissolved 
oxygen immediately on collection. The 
location of sampling points for raw 
sewage, primary effluent, filter effluent. 
and final effluent are shown in Figure 
1 as Points 1, 2, 3, and 4. 

Standard analytical procedures (4) 
were employed. The copper sulfate- 
sulfamiec acid method (5) was used for 
the determination of dissolved oxygen. 

The pertinent data on the operation 
and results are presented in Tables 
III and IV. |The sewage flows reflect 
in some degree a greater amount of 
storm water in periods ITI and IV than 
in periods I and Il. The flow charts 
indicate two rains in period IIT and 
one rain in period IV. The effect of 
rain is reflected in the deviation of 
daily flows from the weekly average. 
In periods I and II the daily flow did 
not vary by more than 4 per cent of 
the weekly average, whereas in period 
IIT the daily flow varied from + 17.5 
tc — 11.6 per cent of the average, and 
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FIGURE 1.—Flow diagrams for studies on a shallow trickling filter, showing: (a) 
Period I, no recirculation; (b) Period II, recirculation of final effluent; (c) Period III, 
recirculation of filter effluent; (d) Period IV, recirculation of final tank underflow. 


n period LV the daily flow varied from 
»” to 1 per cent of the weekly 


The detention periods and overflow 
rates indicate a considerable degree of 
iverdesign of both primary and second 
ary settling tanks (detention periods 


of 4.3 to 16.4 hr. depending on the op- 


erating procedure) and reflect quite 
clearly tl effect of recireulation on 
the hvdraule characteristics of the 


plant Thus, the recirenlated flow in 


three periods was always returned to 


the pru ry influent, thereby decreas 
ng the detention period in the primary 
settling tank The recirculated final 
effluent in period II also decreased the 


final settling tank detention and in 
ere ased the ‘ fluer t over low rate Re- 


circulation of filter effluent did not 


affect the hydraulic conditions of the 
final settling tank over that of no re 
circulation in period I. Reeirculation 
of final tank underflow in period TV, 
which was increased in volume over 
previous periods, reduced the detention 
time of both the primary and, partien- 
larly, the final settling tank without 
increasing the final settling tank over 
flow rate. Furthermore, in this period 
all of the secondary tank sludge was 
returned to the primary tank for re- 
settling and thickening alone with the 
raw sludge, and the depths of the final 


settling tan re purged or ‘‘fresh 

ened’? more frequently by the reeireu 

lated floy 
[he sult w that the tempera 


ture of the sewage or sewage plus re 
cireuiated flow varied by 4°C. during 
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the entire study and the average tem- 
perature of the first period was 1° to 2° 
warmer than succeeding periods. It 
may be pertinent to call attention to 
the observed algal growth in the final 
tank during period III and the copious 
algal growth in the final tank in period 
IV, as reflected in the final effluent 


TABLE Il. 


Study period 
Date (1946) 
Recirculation: 


Kind 


Per cent of sewage flow 


Raw sewage 
Recirculated 
Primary influent 


Flow (m.g.d.) 


Primary tank 
Final tank 
Primary tank 
Final tank 
Average 
Maximum 
Minimum 


Detention (hr.) 


Overflow rate (g.p.d./sq.ft.) 


Sewage temperature (°C. 


Raw sewage 
Primary effluent 
Filter effluent 
Fina} effluent 
Final underflow 


Suspended solids (p.p.m.) 


Raw sewage 
Primary effluent 
Filter effluent 
Final effluent 


Volatile susp. sol. (p.p.m.) 


Raw sewage 
Primary effluent 
Filter effluent 
Final effluent 
Final underflow 


B.O.D. 


(p.p.m.) 


Raw sewage 
Primary effluent 
Filter influent 


Disso ved oxygen (p.p.m. a 
PP Filter effluent 


Raw sewage 


onia N» 
Nitrite 
he Final effluent 
Filter effluent 
Nitrate N, an 
| Final effluent 
Kjeldahl Ny (p.p.m.) 


Final effluent 


Final tank 


Final effluent, a.m 
Final effluent, p.m 
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dissolved oxygen values. In period IV 
the dissolved oxygen of the effluent 
exceeded saturation values. 

The total and volatile suspended 
solids and 5-day B.O.D. of the raw 
sewage indicates average strength do- 
mestic sewage. The primary effluent 
suspended solids decreased with each 


Data 


| 


| I IV 
'6 7 12/7/13 to 7/1917/20 to 7/26 
None Final Eff. | Filter Eff. Final 

Tank! 
0 | 70 O5 
0.09 | 0.095 0.102 0.098 
| 0.062 0.071 0.093 
0. | 0.156 0.173 0.190 
164 | 94 | 85 7.7 
4.3 
| 
| 168 | 168 205 
132 232 | 151 | 145 
193 | 25 | 205 21.0 
203 | 22.2 22.9 22.8 
18.4 19.1 | 19.9 19.6 
321 270 | 354 300 
82 | 72 i 62 | 58 
SO 63 59 | 40 
45 32 27 
200 | 191 254 | 217 
52 | 54 44 | 43 
| 42 44 | 27 
33 34 2h | 20 
HS 217 248 210 
142 109 | 93 63 
76 | 64 13 
12 26 14 
O7 O65 
O8 1.4 11 
3.3 3.6 3.2 1.3 
4.2 5.2 58 
1.5 0.9 5.2 10.3 
1.0 1.5 6.8 114 
23 20 25 | 26 
lt 6 | 17 15 
O08 16 (OW 
0.8 0.5 0.7 1.2 
| 
0.2 0.1 03 | 07 
«(39 
28 27 26 2h 
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Recirculation 
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TABLE IV.—Average Plant Loading and Performance 


February, 1950 


I\ 
Final Eff. | Filter Eff F.T. 
Underflow 


| 70 O5 


Raw sewage 156 123 138 | 130 
Recirculated 15 17 13 
B.O.D. Ob./16 hy Primary influent 156 137 155 143 
Primary effluent 8&3 102 go 71 
Filter 44 5a 4] 33 
Final effluent 24 24 15 Y 
Primary treatment 17 13 
B.0.D. removal (percentage) Secondary treatment 71 77 4 SS 
Over-all sl sv 
Raw sewage 187 57 202 140 
Recirculated 16 23 23 
Suspended solids (Ibs. /16 hr Primary influent 187 i73 225 213 
Primary effluent 18 68 0 } 65 
Filter effluent 17 5 
Final effluent 18 17 
Primary treatment 74 61 74 70 
percentage secondary treatmen ‘ 
Over-all SH 83 
Filter vwiing (ib. /eu.vd B.0.D 0.87 1.06 0.04 0.74 
Suspended solids 0.50 0.71 0.63 0.68 
Removal by filter B.O.D 17 13 “4 3 


successive period, but all of the ap 
parent improvement can be aecounted 
for by simple dilution resulting from 
Similarly, the 
improvement in the B.O.D. of the pri 
efluent in periods IT and ITI 
can be 


the recirculating flows 


mary 
accounted for 
from the 


over period I 
by simple dilution resulting 
recirculated flows. However, in period 
IV (the final tank 


low), the primary settling tank showed 


return of under 


an additional reduction of 30° p.p.m., 


or 20 per cent more removal of BOLD 

er period I than eould be explained 
by the additional dilution Presum 
ibly the return of trickling filter floc 
was effective in improving the quality 
of the primary tank effluent, or, more 
pertinently, the B.O.D. load applied to 
the filter 

The B.O.D. loading to the filter was 
unusually low in this study 
aged 0.87, 


B.O.D 


as it aver 


1.06, 0.94, and 0.74 Ib. of 
applied per cubie vard 
of media per day for the first to fourth 


The 


week, respectively B oO D re 


moval by the filter alone was 47, 43, 
54, and 53 per cent of the applied load 
during the first to fourth study periods, 
respectively 
The results show a substantial im- 
provement in final effluent quality by 
the recireulation of filter effluent and 
final tank underflow, but not for final 
effluent reeirculation. The final efflu 
ent B.O.D 41, 42, 26, and 
14 p.p.m. for normal operation (1), re 
final effluent (II 
lated filter effluent 
lated underflow IV 


The final effluent suspended solids re 


results were 


reciren 
and recireu 
respectively. 


circulated 


sults for the same periods were 45, 45, 
32, and 27 p.p.m., 

Over-all plant removal of 85, 81, 89, 
applied B.O.D. was 
achieved during the 


respe tiv ely 


and 93 per cent of 
four test periods, 
respectively Kor 
over-all 


the same periods, 
plant removal of suspended 
and 91 
The plant effi 
excellent 
for this type of plant even without re- 


» 


solids hoadines of S86, S83. 91, 
per cent was achieved 
considered 


ciencies may be 
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cireulation, but recirculation as shown 
for filter effluent and final tank under- 
flow improved the over-all plant effi- 
ciency to a substantial degree. The 
return of underflow brought all of the 
plant sludges to the primary tank for 
thickening before discharge to the di- 
wester. Records are not available on 
how much less sludge volume went to 
the digester or, more pertinently, the 
volume and quality of supernatant 
liquor returned and its effect on plant 
efficiency. 

The nitrogen values appear quite 
similar, except that there was slightly 
greater nitrification in period IV (re- 
circulated underflow) where the trick- 
ling filter B.O.D. loading was consider- 
ably less, due to greater B.O.D. re- 
moval by the primary settling tank. 

Summary 

During the month of July, 1946, the 

Centralia, Mo., primary settling, trick- 


ling filter sewage treatment plant was 
studied by the U. S. Publie Health 
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Service. Following a week of study 
under normal operation with no recir- 
culation, the flow through the over-de- 
signed plant was increased by recireu- 
lating successively for a week each, 
final tank effluent, trickling filter efflu- 
ent, and final tank underflow. With 
nominal attention and without recir- 
culated flows the sewage plant pro- 
duced an over-all efficiency of 85 and 
86 per cent removal of B.O.D. and 
suspended solids, respectively, or a 
final effluent quality of 41. p.p.m. 
B.O.D. and 45 p.p.m. suspended solids. 
Recirculation of secondary treatment 
plant flows to the plant influent im- 
proved the plant performance, Thus, 
following two weeks of recirculation 
and with the return of final tank under- 
flow equal to 95 per cent of the sewage 
flow, the over-all plant efficiency was 
found to be 93 and 91 per cent removal 
of B.O.D. and suspended solids, respee- 
tively, or a final effluent quality of 14 
p.p.m. B.O.D. and 27 p.p.m. suspended 
solids. 
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ANALYTICAL PROCEDURES 


FOR THE DETERMINATION OF PHENOLS 
IN WATER AND TRADE WASTES * 


By M. L. Rrexu anp E 


st and Associate Chemist, respectively, Ohio Department of Health 


Laboratories, 


This paper is intended to: (1) pre 
sent a general description of several 
of the better known procedures for 
phenol determination, with a brief dis 
cussion of the advantages and disad- 
and (2 
rather carefully the procedure being 

dat the Ohio Department of Health 


Laboratories 


vantages of each; describe 


riving special attention 


to the features found by past experi 
ence to be most likely to cause some 
difficulty 

The first method discussed is that 


| by Shaw (1), who originall 


pre sente 


used a turbidimetrie procedure based 


mt! cloudiness deve loped by the re 


tion of bromine with phenol and 
theoretically at least, all three cresols 
rtho-, meta-, 


Partial 


SUDSTANVES 18 


and para 

removal of some interfering 
effected by steam distilla 
an acidified portion of sample 


not to exceed 10 ml. This preferably 

omplished with a special steam 

t ! ised equipment 

! Inasmuch as 25 ml. of 

{ lected, the sample is 

i 4 times in this step 

the act comparison is made with 

t ind the range necessary is 

to p.p.m. of phenols. Henee, it 

S re to take successive dilutions 

i 1 Ar Meeting, O 
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G. 


tumbus, Ohio 


using portions of the 25 ml. of distil- 
late, until the range of the standards 
is reached. The phenol content is cal- 
culated from the factors involved in 
a) the ratio of original sample to the 
final volume (25 ml.) of distillate, and 
b) the extent of dilution of the dis 
tillate to reach the 30 
range, 

This 


advantage of 


to 35-p.p.m 


distinet 
entire deter 

less than 1 
hr. It also must be remembered that 
it is for high phenol content only, the 
lower limit being 75 p.p.m. (equivalent 
to 30 p.p.m. in the distillate, which is 
diluted at least 2% It is said, 
by some who have used this method ex- 


method 
time; the 
be done in 


possesses the 


mination can 


times 


tensively, that it is not necessary to 
standards; and that an 
ean read the 
phenol content from the mental pic 
ture he retains of the turbidity caused 


by 30, 31, 32, 33 


prepare any 


experienced observer 


, 34, and 35 p.p.m. of 
authors are not able to 
this statement, but 


would not attempt to make any report 


phenols. The 
confirm or deny 
e without actual com- 
standards. It 
must be noted that, with a dilution of 
only 2% distillation must 
be used if complete phenol recovery is 
to be obtained on samples high in 
phenol 


on a phenol samp 


parison against also 


times, slow 


As previously stated,. the original 


Shaw method is limited to phenol con- 
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tents of 75 p.p.m. or more. However, 
in a modification published by Shaw 
two years later (2) the phenols are 
concentrated by an extraction process, 
after which the turbidity development 
with bromine is followed. In this man- 
ner it is stated that samples as low as 
1 p.p.m. phenols can be analyzed. 
Basically, the concentration is accom- 
plished by extracting up to 900 ml. of 
acidified sample with several successive 
portions of diethyl ether, using a 
1,000-ml. separatory funnel. The ether 
extracts are combined and the phenols 
removed by three suecessive washes 
with 10 per cent sodium hydroxide and 
1 rinse with distilled water. The alka- 
line and aqueous portions are combined 
and boiled gently to remove the ether, 
and brought to volume, and 
aliquots selected (to fit in the necessary 
30- to 35-p.p.m. range), then acidified, 
diluted, and treated with bromine. 
This modification thus extends the 
lower limit of the original method, but 
at the expense of shortness of time, as 
the extraction involves several extra 
manipulations. 

Another method briefly studied by 
the authors is a volumetric determina- 
tion outlined by R. D. Seott (3). This 
method treatment of 
phenols with a measured amount of 
bromide-bromate solution, then potas- 
sium iodide and acid, followed by ti- 
tration of the iodine released by the 
excess bromine. 


cooled 


consists of the 


The method involves 
preliminary distillation of concentrated 
samples, which in some cases is quite 
difficult 
sulfites and similar compounds which 
would interfere with the final titration. 
This procedure is for very high phenol 


It also requires removal of 


concentrations, and probably is of very 
limited application in coke plants. 
The  Gibbs-Sanchis colorimetric 
method (4) as modified by R. D. Seott 
3), is considered the best suited for 
veneral use. This method is a colori- 


metric procedure using the Gibbs re- 
agent (2-6 dibromoquinone chloroi- 
mide) to develop a green-blue color 
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with phenols, a purple color with ortho- 
eresol, and a blue color with meta- 
eresol. (No color is developed with 
para-cresol.) The sample is freed from 
some impurities by distilling a slightly 
acidified portion, and treating various 
dilutions of the filtrate—after buffer- 
ing to about pH 9.2 to 9.4—with the 
Gibbs reagent. This method has sev- 
eral disadvantages in that (a) it does 
not react with para-cresols, (b) it re- 
quires the standards to be blended ae- 
cording to the approximate phenol. 
eresol ratio present, (¢) it requires 
distillation and overnight color de- 
velopment, and (d) it requires exten- 
sive dilution for high phenols. How- 
ever, it is sensitive in the fairly low 
range (from 25 up to 1,000 p.p.b.), 
which is of primary concern in regard 
to taste and odor problems in water 
supplies. By diluting the sample be- 
fore distillation, the useful range can 
be extended to the higher ranges with 
an accuracy as good or better than 
methods that were especially devised 
for higher ranges only. In the light 
of present data it has not been felt 
desirable to change from this method 
to any other procedure, even for the 
higher phenols. However, this does 
not mean that it is suggested that in- 
dustrial laboratories, dealing exten- 
sively in the higher ranges, dispense 
with either of the Shaw methods. It 
is felt, nevertheless, that the Gibbs- 
Sanchis Scott method (3) is the most 
versatile for general use, especially 
where the best accuracy is desired. 
The Gibbs-Sanchis method (4) has 
been the subject of much study, and 
numerous modifications have been sug- 
gested. One of the more promising, as 
proposed by N. R. Brown and L. B. 
Miller (5), has been tried but found 
to be unsuited for the purposes of the 
Ohio laboratory. In this method the 
color developed is extracted with a 
small volume of an alcohol such as 
N-butyl alcohol, and thus concen- 
trated, with the idea of (a) extend- 
ing the lower range of usefulness 
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and (b) reading by an instrument such 
as a colorimeter or spectrophotometer 
thereby eliminating visual comparisons 
and preparation of standards for each 
set of determinations. Observations 
indicated that this procedure was more 
or less restricted to relatively pure 
water solution of phenol enough in 
terfering substances were distilled over 
from polluted samples to cause con 
siderable error in the aleoholie ex 
traction Even with pure solutions 
there seemed to be little or no improve 
ment in the accuracy, and there was a 


definite loss of time 


Method in Use 


So much for the discussion of phe 
nol determination methods. It is as 
sumed that everyone concerned with 
this phase of work is more or less fa 
miliar with the Seott modification (6 
(in this basis, the essential features as 
used in the Ohio laboratory will be de 
scribed step by step, with references to 
the precautions necessary each 


stace 


] Ver little need be said about 
sampling, except that the accuracy of 
any analysis can be no better than the 
accuracy ol sampling Ilence, every 
effort should be made to secure a truly 


represe itative sample 


2. Preservation of the sample is very 


important Unless analysis is to be 
made within a few hours, the sample 
should be preserved by adding approxi 
mately 1 gram of copper sulfate crys 
tals for each liter of sample. Samples 


so treated may be stored { 


or two or 
three days at average room tempera 
ture with very little loss of phenol 
If kept refrigerated, they may be kept 
little change 
Without the copper sulfate, the loss 


for a week or two with 


of phenols may be quite rapid, even 
if kept under refrigeration 


3. High phenol samples may be ana 


lyzed by diluting either before or after 
distillation. Beeause of the possibility 


of not condensing all the phenols from 
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higher ranges, it is considered better 
to dilute the sample just before distil- 
lation, using the following table as a 
guide 


bable Pt 
tent (ps I) 
0.01 to 1 None 
| to 10 100 to 1,000 
10 to 100 10 to 1,000 
100 to 1,000 1 to 1,000 (in 2 steps) 


1.000 to 10,000 1 to 10,000 (in 2 steps 


In preparation of dilutions it is rec 
ommended that only the settled super 
natant (rather than mixed sample) be 
used. Furthermore, only good quality 
distilled water, or double-distilled wa- 
ter, should be used for dilution. 

1. The methyl orange alkalinity of 
the sample should be determined on a 
separate portion, and then the neces- 
sary amount of acid required for 220 
ml. be added to that amount of sample 
It is advisable to keep the total volume 
of acid added in this step to 5 ml. or 
Jess 

5. As regards distillation, cleanliness 
is an item that cannot be emphasized 
too much. The flasks should be care 
fully and thoroughly eleaned, and then 
the flask and condenser steamed by 
placing distilled water in the flask and 
boiling for several minutes with no 
cooling water in the condenser. The 
still should be all pyrex glass with glass 
stoppers and joints. Also, if a very 
loose plug of pyrex glass wool is in 
serted in the arm of the distillation 
flask, carry-over of copper sulfate can 
be minimized. In the case of very low 
phenols, this earry-over may involve 
some error and result in a high read 
ing 

A 220-ml. portion of the settled 
sample or diluted sample, after being 
neutralized, is placed in the empty, 
clean flask and the Bunsen burner 
adjusted so as to provide a rate of 
distillation of 6 to 7 ml. per min. Ex- 
actly 200 ml. of distillate is collected 
in a glass stoppered 200-ml. volumetric 
flask, which has been thoroughly 
cleaned and dried. If the distillate is 


| 
| 
ol 
|. 
i 
4 
q 
j 
| 
Pal 
| 
| 
\ 
fine 
\ 
| 
| 
| 
| 
| 
| 
af 
| 
: 


Vol. 22, No. 2 


not prepared for color development at 
onee, it should be refrigerated until 
that time, which should be the same 
day. 

There may be some question about 
the ratio of volume of sample and dis- 
tillate. However, the phenols present 
in the 220-ml. portion placed in the 
distilling flask do not all come over in 
the 200 ml. of distillate. Careful 
checks in the laboratory show that 
there is almost exactly the same con- 
centration of phenols in the distillate 
as in the original portion. Hence, if 
the 220 ml. of sample contained 0.1 
p-p.m. phenols, the 200 ml. of distillate 
will contain 0.1 p.p.m. and the residue 
in the flask will have 0.1 p.p.m. (In 
other words, 10/11 of the phenols come 
over with the 10/11 of the volume dis- 
tilled over; 1/11 stays with the 1/11 
of the volume remaining in the flask. 
The ratio of 220 to 200 does not enter 
in any way into the ecaleulations for 
phenol content. ) 

6. In the preparation of aliquots, 
portions of the 200-ml. distillate are 
placed in perfectly clean 100-ml. Nes- 
sler tubes. Either the tall or short 
form tubes may be used, but the tall 
form is preferred in the Ohio labora- 
tory. The aliquots used usually start 
with 100 ml. and continue on down to 
50, 25, and, if necessary, further on 
to 10, 5, 2, and even 1 ml. The tubes 
are then filled exactly to the 100-ml. 
mark with either double-distilled wa- 
ter, or single-distilled water of excel- 
lent quality. Next, 5 ml. of buffer 
solution is added to each tube. This 
buffer is prepared by dissolving 3.1 
gm. of borie acid and 3.5 gm. of po- 
tassium chloride in about 800 ml. of 
distilled water. Next, the equivalent 
of 1.28 gm. of NaOH is added, usually 
as 32 ml. of a IN solution, and the 
volume is then brought to 1 liter. This 
buffer, when diluted by adding 5 ml. 
to 100 ml. of distilled water, should 
have a pH value of 9.4. 

7. Stock solutions of phenol and 
ortho-cresol may be prepared and kept 
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on hand for several months if refriger- 
ated. Otherwise it is necessary to pre- 
pare them each time. The stock phenol 
is prepared by weighing 1 gm. of C. P. 
or reagent grade phenol, and bringing 
to 1 liter with distilled water. The 
ortho-cresol is prepared by placing 1 
gm. of o-creso!] (Eastman Kodak No. 
p-81) in a 1,000-ml. volumetric flask, 
adding 12 mi. of IN NaOH, and bring- 
ing to 1 liter after the cresol is dis- 
solved in the caustic. 

In preparing the *‘working’’ stand- 
ard solution, the total volume of stock 
phenol plus stock cresol is 10 ml. per 
liter (using good distilled water for 
dilution). The relative amounts of 
phenol, which gives the blue color, and 
ortho-cresol, which gives a_ purple 
color, usually are determined by past 
experience. Until the proper ratio is 
determined, it may be advisable to pre- 
pare 2 or 3 sets of standards, using, 
say: 


(a) 5 ml. of phenol and 5 mil. of 
0 cresol ; 

b) 744 ml, of phenol and 2.5 ml. of 
o-cresol ; and 

(¢) 10 ml. of phenol only. 


In any case the analyst must exercise 
his own judgment as to the selection of 
the best ratio. Because the meta-cre- 
sol gives a color comparable to phenols 
and also is not usually present in very 
large amount, it is not needed in the 
preparation of color standards. In the 
Ohio laboratory, the most generally 
used proportion is 5 ml. of stock phenol 
and 5 ml. ortho-cresol diluted to 1 liter 
with good quality distilled water. This 
solution is then used to prepare the 
color standards in the Nessler tubes. 
Standards may be prepared using 0, 
0.05, 0.10, 0.20, 0.30, 0.50, 0.60, 0.80, 
1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 
2.8, 3.0, 3.5, and 4.0 ml., representing 
respectively 0, 5, 10, 20, 30, 50, 60, 80, 
100, 120, 140. 160, 180, 200, 220, 240, 
260, 280, 300, 350, and 400 p.p.b. How- 
ever, although it is generally found 
unnecessary to take this many stand- 
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ards in such close increments, it should 
be recognized that over 3.0 ml. is too 
dark for any but approximate readings, 
and under 1.0 ml. is too pale for ex 
treme accuracy; hence, the desira- 
bility of selecting aliquots of sample 
that fall in the range covered by 1.0 to 
3.0 ml. of standard. After the proper 
amount of the standard is placed in the 
Nessler tubes, good distilled water (or 
double-distillec is used to bring all 
tubes to the 100-ml. mark and then 5 
ml. of the buffer solution is added 

2) The eolor ce veloping agent, called 
Gibbs reagent, is technically named 
2-6 dibromoquinone chloroimide. It 
is used as a freshly prepared alcoholic 
solution containing 0.04 gm. of reagent 
in 10 ml. of 190-proof alcohol. This 
reagent is not stable in solution form 
and is preferably prepared fresh each 
day used. It is emphasized that the 
crystalline or powder form also deterio- 
rates with age and a fresh supply 
should be procured every 6 to 12 
months. As the material ages the color 
reaction is not only slower, but also 
less distinct. It is strongly advised 


that the reagent be replaced at fre 


quent intervals. In actual use, the 
amount of aleohol solution to be added 
to each Nessler tube, both the standards 
and sample aliquots, is 2 drops, no more 
or no less. Although addition of 3 
drops seems to make little difference in 
higher ranges of color, this amount 
reduces the accuracy of comparison in 
the ranges less than 1.0 ml. of standard 
Another important step is thorough 
mixing of sample (or standard) after 


all reagents have been added to the 


Nessler tube It has not been found 
necessary to mix between successive 
additions, but complete mixing is defi 
nitely illed for after the final addi 


tion It has been found that the tall 


form Nessler tubes ean be well mixed 


by placing the top against the thumb 
or forearm, and inverting the tube 
slowly three times \fter this step the 


tubes may be set aside to allow color 


development overnight. In case a 
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limited number of standards, or ali- 
quots of sample, have been prepared, 
it is well to check the color after 14 to 
1 hr. to be sure that both standards 
and sample are in the desired range. 
If not, additional tubes should be set 
up. 

% After overnight color develop- 
ment, the tubes should be read by view- 
ing lengthwise, comparing with the 
standards. As stated earlier, it was 
found that the sample aliquots com 
paring with the 1.0- to 3.0-ml. range of 
standards are most accurate. It is 
good practice to prepare a_ sufficient 
number of sample aliquots to have at 
least two, and preferably three, within 
the range that can be read. It is some- 
times found that one tube may be com- 
pletely out of line with the others, in 
which case the reading for this tube 
should be disregarded. 

10. Where the original sample is 
distilled without previous dilution, the 


phe nol content is ealenlated as: 


10,000 * ml. of standard 


P-P mil. of distillate used 
in Nessler tube 
10 * mil. of standard 
p.p.m 


ml. of distillate used 
in Nessler tube 


Where the sample is diluted prior to 
distillation, the above results must be 
multiplied by the appropriate factor. 


Summary 


In summarizing, it is suggested that 
the Seott modification of the Gibbs- 
Sanchis method be used for phenol 
inalysis, especially in the lower con- 
centrations, bearing in mind these gen 
eral precautions: 

a Extreme care should be taken in 
cleansing of glassware used in this test. 

b) Diluting water used should be 
distilled water of very high purity. 
If in doubt, double-distilled water 
should be ust d 


All reagents should be purchased 
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with special attention to their purity, 
and, in the case of the indicator, a rea- 
sonably fresh material should be used. 

(d) Stock solutions of phenol and 
ortho-cresol should be kept in the re- 
frigerator or prepared fresh each time. 


PHENOLS [N WATER AND TRADE WASTES 


The indicator solution should be pre- 
pared each time. 
(e) Samples should be taken care- 


fully, preserved with 1 gm. per liter of 


copper sulfate, and kept under refrige- 
ration if possible. 
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RADIOACTIVE WASTES HANDLING 


‘*Handling Radioactive Wastes in 
the Atomic Energy Program,’’ a U. 8. 
Atomic Energy Commission report 
published in October, 1949, describes 
radioactive waste materials, their 
sources in the atomic energy program, 
and the methods used in processing 
and storing or disposing of them at 
atomic energy installations and at lab- 
oratories and hospitals using radio- 
isotopes. 

Of particular interest to sewage and 
industrial wastes treatment personnel 
and planners is the chapter dealing 
with the handling of wastes resulting 
from the radioisotopes distribution pro- 
gram. All shipments of radioactive 
materials made thus far have been for 


experimental purposes only, the vast 
majority being of radioisotopes having 
short half-lives or low-energy dilutions. 
Disposal of laboratory and clinic radio- 
active wastes is usually by dilution 
with non-radioactive isotopes of the 
same element, followed by dilution with 
large amounts of organic matter and 
water when discharged to the ordinary 
sewerage system. Rigid controls have 
been established on the isotope users 
to insure adequate provisions against 
harmful discharges. 

Copies of the 30-page pamphlet are 
available from the U. 8S. Government 
Printing Office, Washington, D. C., at 
a price of 15¢. 
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PHENOL RECOVERY FROM BY-PRODUCT 
COKE WASTES * 


ARMCO STEEL CORP., NEW MIAMI, OHIO 


By Frank WILKS 


Superintendent, By-Product Coke Plant 


The dephenolizing process used at 
the Hamilton plant of the Armco Steel 
Corporation is based on the fact that 
phenol has an appreciable vapor pres 
sure, particularly at temperatures of 
th 


lation 


or higher. The prineiple of 
is the continuous reeireu 
first through 


hot ammonia liquor containing phenol 


pr 


oft steam vapor, 
to remove phenol from the liquor, and 
then through hot caustic soda solution 
the 


to absorb phenol present in the 
steam 

The dephenolizing plant at Hamilton 
1928. It 


in diameter and 


was placed in operation in 
consists of a tower 7 ft 
%4 ft. high, divided 

Figure 1); a motor-driven blower for 


circulating vapor; pumps for ammonia 


into four sections 


liquor and caustic; and the necessary 


auxiliaries such as storage tanks, pip 


ing, temperature controllers, thermom 
pre 
whole system is insulated so that 

heat 


dephenolizing 


gauges, and flow meters 


ssure 
is lost 

process, am 
or at a temperature above 
the bottom of 
ammonia still and 
top of the dephenolizer 


from 


the 


mia liquor pump. Here 
distributed through 
plate 
which 


a 


six l4-in. splash 
hurdles, 
the 


ction of 


sprays wooden 


make up in upper or 


the 
phenol is removed 


ammonia tower 
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from the liquor by the counteyflow of 
saturated vapor, which is circulated up 
through the tower by the blower. The 
vapors containing the phenol are re- 
moved from the top of the ammonia 
liquor section and delivered through a 
downcomer and blower to the bottom 
of the From the 
pass upward through the three lower 


tower. here vapors 
packed sections of the tower, where 
the phenol is scrubbed out with a so 
of The 


then passes upward into the ammonia 


lution caustic soda vapor 
liquor section clean and capable of ab- 
sorbing more phenol 

The dephenolized liquor, after being 
scrubbed with vapor while passing 
down through the packing, collects in 
the well at the bottom of the ammonia 
liquor section and flows back to the 
lime mixing chamber of the ammonia 
still is added 
in shots to the top of the shot section 
of the the third from 
the bottom. As the caustie flows down 
through the tower it is converted into 
absorption of 
This partially 
converted solution can be recirculated 
either one both of the two 
of the tower if more 
complete conversion of the caustic to 
The phenolate 
solution is then discharged to a storage 
tank, it be blown to 
the springing tank for final disposition 


Fresh caustie solution 


tower, section 


sodium phenolate by 


phenol from the vapor 
over or 
lower sections 


phenolate is desired 


from which ean 


Because the crude phenol is removed 
from the liquor and transferred to the 


caustic aS a vapor, an excellent un- 


contaminated product recovered 


is 


The crude phenol separated from the 
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phenolate in the springing tank con- 
tains 20 to 40 per cent water and a 
small amount of sodium carbonate or 
bicarbonate, which ean be readily re- 
moved by treatment with strong acids 
The specific gravity of this material is 
usually 1.06 to 1.08. The tar acid con- 


tent of this material (60 to 80 per cent 
is made up of approxi- 


of the total 


FIGURE 1.—Tower for recovery of phenol 
from hot ammonia liquor by caustic. 
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mately 80 per cent phenol (C,H,OFL) 
and 20 per cent homologous tar acids 
higher in the series, principally eresol. 


Operation 


The amount of phenol in the liquor 
withdrawn from the storage tank varies 
considerably with the coking time 
The longer the coking time, the more 
phenol in the liquor, At Hamilton 
over the past 20 years the coking time 
has ranged from 13 hr. to 22 hr., and 
the phenol from 500 to 4,500 p.p.m. 

The ammonia should go through the 
still and dephenolizer as free from tar, 
braize, and other solids as possible. 
For this reason a constant discharge is 
kept running from the tar drain of 
the storage tank. In addition, the 
drain valve is opened wide for a few 
minutes every 2 to 4 hr. so that any 
accumulation of tar or muck will be 
drawn off 

The ammonia liquor is pumped from 
the storage tank to the top of the free 
leg of the ammonia still, where it is 
subjected to steam distillation. As 
this liquor passes down through the 
free leg of the still its volume is in- 
creased about 25 to 30 per cent by 
condensation of of the steam. 
Also, a certain amount of phenol is re- 
moved here, depending on the amount 
of steam used in the still and the tem- 
perature of the vapor leaving the still. 
The liquor then goes from the bottom 
of the free leg of the still, at a tem- 
perature usually between 104° and 
106° C., to the hot ammonia liquor 
pump containing less phenol by volume 
due to this dilution. The liquor must 
be at least 100° C. at this point to 
make certain that the carbon dioxide 
has been driven off, as CO, absorbed 
by the caustic in the dephenolizer 
carbonates the caustic and thereby de- 
creases the phenol absorbing capacity 
of the caustic. Excessive CO, would 
make it necessary to use excessive 
quantities of caustic to properly de- 
phenolize the vapor. 

The liquor is delivered by the pump 
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to the spray header on the top section 
of the tower.. The liquor undergoes 
a temperature drop of about 1.5° be 
tween the pump and the spray header 
and enters the sprays at 102° to 105° C 
The temperature drop of the liquor in 
the ammonia liquor section of the tower 
depends on atmospheric temperature 
and the pressure under which the de 
phenol zer s being operated The 
temperature of the liquor as it returns 
to the still is usually 100° plus or 
minus 2 The sprays are rodded out 
once a week. Care is also used in 
setting the valves on the leads from 
the header to the sprays after rodding 
so that good distribution of the liquor 
over the packing and good removal of 
phenol is obtained 
Caustic is received in the form of 
50 per cent solution containing about 
6 Ib. of NaOH per gallon, and is stored 
in a 12,000-gal. tank. This strong 
caustic can be diluted in the storage 
tank by filling the tank with water 
after the 50 per cent solution has been 
unloaded into it, thereby minimizing 
the tendeney for the caustic to erystal- 
lize out of solution in eold weather 
The tank is equipped with a steam 
coil, which can be used when necessary 
As the solution is withdrawn, further 
dilutions of the eaustie in storage can 
be made if desired 
From the storage tank the strong 
caustic is drawn into a 400-gal. mixing 
tank, where it is diluted to the desired 
strength before being delivered to the 
tower by the shot pump. This tank is 
1 ft. deep and holds approximately § 
» the inch of depth. The strength 
which this solution is made up can 
be most conveniently determined by 
taking its specifie gravity The best 
strenyt} » use depends on the shot 
fre quency desired and the desired per 
centage conversion of eaustic to pheno 


late It seems generally satisfactory 


to use a solution containing & to 10 


per cent NaOH, which has a specific 
gravity of 1.09 to 1,11 At present 


the tower is being given an &-gal. shot 
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of caustic (s.g. 1.09) every 45 min. 
This is 32 shots (or 256 gal.) per day, 
which is equivalent to about 190 Ib. 
of NaOH daily. This is satisfactory 
for a still feed of about 2,000 gal. per 
hr. Weaker solution ean be fed if it 
is desired to make larger or raore fre- 
quent shots or to keep the tower at 
higher pressure. 

Only two adjustments are necessary 
to regulate the shot apparatus. The 
meter or regulator after the shot pump 
is set for the volume desired per shot-— 
8 val., for example—and the right hand 
dial of the timer on the instrument 
board is set at the desired interval 
between shots—say 30 min. The pres- 
sure relief valve in the line immedi- 
ately after the pump should be set for 
35 lb. pressure and should not be tam- 
pered with. A good check on the regu- 
larity of operation of the apparatus 
can be obtained by measuring the caus- 
tie in the mixing tank twice a shift. 

The caustic solution drips down 
through the packing of the shot sec- 
tion and upper recirculating section 
and collects in the well at the bottom 
of this latter section, which eventually 
overflows and allows the solution to 
continue to the lower well. Thus, 
when there is no recireulation the 
whole eaustie section of the tower acts 
as one shot section. 

Removal seems equally as good with 
still feeds of 2,00 gal. per hr. or less, 
when the tower is used this way as 
when the caustic is recirculated. How- 
ever, for higher liquor rates or when 
high saturation (conversion to pheno- 
late) is desired, recirculation over the 
lower section can be used to advantage 
With recirculation here the bulk of the 
phenol is removed from the vapor in 
Hlowever, without recir- 
culation the shot section does most of 
the work. It will probably not be 
necessary to recirculate over the upper 
section at any time. The wells in both 
recirculating sections are equipped 
with steam coils regulated by tempera- 
ture controllers. These controllers are 
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set so that the caustic solution is kept 
at such a temperature that the pheno 
late discharged to storage has the de 
sired specific gravity, usually 1.11 to 
1.14. Temperatures of 104° to 106° C 
in the well and at the 
pump (When it Is In operation 


When 


upper lower 


are 


usually satistactors there is 


no reeireuliation over the lowe! section 
the controller setting can be regulated 


according to specific oravity deter 


minations 

It makes no apparent differe 
what strength caustic is used in the d 
phenolizer. Solutions containing from 
t to 20 per cent NaOH have been used 


and found to serub the vapor about 
| solutions cor 


qually well llowever, 
taining 10 to 12 per cent NaOH equiva 
best 


it are adapted to 


The higher the 


the lower the peres ntage of 


le springing 
conversion to phenolate 


phenol loss 


when the solution is treated in the 
springing tank. The plant has beer 
run with the caustic more than 70 per 
ent converted, but 30 to 50 per cent 
s more general practice. The degree 
of conversion is determined convent 
ently by the ‘‘saturation test Pres 


from atmospheric to 5 
little effect on 


Hlowever, if is. de 


sure, as such 


lb. seems to have very 
removal 
that the 


kept near its boiling point while in the 


phenol 


sirable ammonia liquor b 


dephenolizer, and operating under 2 


or 3-lb. pressure 1S a convenient wav t 
eold weather (4.5 te 


sh this in 


the maximum operating pres 


Fnaineer, W 


he inittal installation for remova 


rf ph nol from the waste effluent dis 
posed of by the Semet-Solvay Division 
by-product coke plant at Ironton, O1 
and discharged into the Ohio River was 
‘ 1 in operation on May 29, 1928 


place 
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sure with the present system of seals 
and vents, and there is no reason for 
this limit The desired 
pressure can be maintained by adding 


exceeding 


fresh caustic as more dilute solution 

say 4 to 6 per cent—-and concentrating 
it to 10 or 12 per cent in the tower, or 
by making direct additions of live 


steam to the recirculating vapor, keep 


ing the fresh ecaustic at the usual 
strength 
The Hamilton dephenolizer was 


placed in operation in 1928 as previ- 


ously mentioned. Numerous improve 
ments have been made since that time 
For example, all modern installations 
are equipped with continuous liquor 

} 


filters to assure a feed to the ammonia 


still and to the dephenolizer of am 
monia liquor substantially free of tar, 
“oke breeze, and other insoluble im- 
purities. The caustic shot and reeir- 


culating sections of 


the dephenolizer 


tower have been replaced with one 
small section containing bubble cap 
trays In the latter ease, the caustic 


is fed continuously through a meter to 
The feed 
maximum 


the top tray of the section 


e is regulated to obtain 
conversion of the caustic to phenolate 
being discharged from the base 
Although the Hamilton 


entirely satisfactorily, 


hefore 
storage 
init performs 
apparent that the newer installa 


t 1s 


ions with their Improvements would 


wccomplish the desired high removal of 
phenol from the waste liquor with even 
ewer operating problems 
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Prior to selection of the process and 

design of the facilities, a comprehen- 

ve study was made of the available 


methods developed for the prevention 
and odor in pub 
originating and 


tionable taste 


water supplies 
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caused by phenol-bearing waste waters. 
Numerous processes yielding removal 
efficiencies exceeding 90 per cent and 
satisfactory to the publie health au- 
thorities were examined. However, 
due to a variety of disadvantages, the 
majority found unsuitable for 
the specific application under consid- 
eration. The factors influencing the 
fina! were ground area and 
equipment requirement, continuity and 
flexibility of operation, and general 
economics in conjunction with invest- 
ment, operation, and maintenance; it 
was found that the process which satis- 
fied these conditions most adequately 
was the benzol washing method. 

The underlying principles in the 
benzol washing method are eyclie liq- 
uid and chemical extraction, whereby 
phenol is absorbed from solution by a 
vehicle, whick subsequently is treated 
chemically for the liberation of phenol, 
aud thence reeyeled for further ab- 
sorption. As applied to by-product 
coke oven plants the effluent requiring 
treatment before final disposal is weak 
ammonia liquor, which in addition to 
containing phenol, has variable quan- 
tities of ammonia, hydrogen sulfide, 
carbon dioxide, and other acidic con- 
stituents. Phenol is the first com- 
pound to be removed in the by-product 
operation train. In a sueceeding step 
ammonia, hydrogen sulfide, and carbon 
dioxide are removed by distillation. 
The remaining liquor, containing small 
quantities of caleium salts, is 
charged as waste effluent. Coke oven 
light oil or its benzol derivative is used 
as the vehicle for absorption of phenol, 
and caustic soda solution is universally 
used in the chemical extraction step. 
The reaction taking place in the final 
stage of phenol extraction results in the 
formation of readily disposable and 
marketable sodium phenolate; some- 
further treatment of this end 
product is undertaken to reduce trans- 
portation delivery to the 
refiner 
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costs in 


PHENOL RECOVERY FROM COKE WASTES 201 


Design Considerations 


The basic mechanics to be considered 
in the design of equipment for this 
process comprise countercurrent fluid 
flow, suitable means to afford intimate 
contact between the two fluids (attain- 
able by liquid particle dispersion, sur- 
face media, or a combination of both), 
and sufficient contact time for absorp- 
tion and reaction. These factors are 
normally applied in one or more ab- 
sorption stages, consisting of closed 
vessels, wherein the light oil flows ver 
tically upward and countereurrently to 
the downward flow of the phenol-bear- 
ing weak liquor. Phenol is absorbed 
during this flow action, and the phenol- 
ized light oil thence passes through two 
series-connected caustic washers, con- 
sisting of closed containing 
static beds of caustic soda solution, 
wherein it is denuded of phenol. In 
the past, several installations have been 
made incorporating these essential fea- 
tures with varying degrees of success, 
and at the time of the Ironton design 
it was determined that the factor hav- 
ing the greatest influence in obtaining 
maximum removal efficiency was a high 
degree of liquid to liquid contact. 
Therefore, considerable study was de- 
voted to developing the most efficient 
means to obtain this prerequisite. 

The original phenol removal plant 
installed at Ironton utilized a counter- 
current spray svstem whereby the weak 
liquor and light oil were finely dis- 
persed through orifices drilled in dis- 
tributing spray pipes. This method 
gave excellent performance and yielded 
removal efficiencies exceeding 90 to 95 
per cent. In addition, an auxiliary 
piece of equipment termed a sulfur 
washer—was introduced in the eyele to 
scrub the phenolized light oil with 
water prior to the caustic extraction, 
the wash water being returned to the 
phenolized weak liquor. This was a 
very valuable addition, as it removed 
more than 50 per cent of the hydrogen 
sulfide and carbon dioxide taken up 
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by the light oil in passing through the 
weak liquor. In this manner a redue- 
tion of caustic soda consumption was 
effected, thereby substantially improv- 
ing the economy of the process. 

At a later date, in an effort to reduce 
capital investment, a phenol removal 
plant was designed and installed by 
the Semet-Solvay Engineering Division 
for an Indiana by-product coke plant, 
effecting intimate contact in the ab- 
sorption stage by mechanical mixing of 
the weak liquor and light oil in centri- 
fugal pumps and then permitting the 
two fluids to separate by gravity differ- 
ential in two vertical decanters. It was 
found that, in addition to reducing in- 
stallation costs, this method provided 
more uniform fluid contact and re- 
sulted in improved removal efficiencies. 
In 1941 the Ironton coke plant ex- 
panded its coal carbonizing capacity 
and in conjunction therewith installed 
new phenol removal facilities, designed 
by the Wilputte Coke Oven Division 
in accordance with the experience ob- 
tained from the Indiana installation 
and utilizing the mechanical mixing 
and gravity decantation concept. This 
installation is successfully dephenoliz- 
ing raw weak liquor from an initial 
concentration varying between 0.8 and 
2.0 grains per liter to an outlet con- 
centration consistently between 0.1 and 
.O4 grains per liter (usually averaging 
.06 grains per liter), representing a 
phenol removal efficiency of 95 to 98 
per cent. 

The phenol removal plant at Ironton 
consists of the following equipment : 

1. Two weak liquor-light oil decant- 
ers, connected for series operation, and 
termed as primary and secondary units. 

2. One sulfur scrubber. 

3. Two light oil-eaustie washers, con- 
nected for series operation. 

4. One light oil circulation tank. 

5. Five motor-driven centrifugal 
pumps. 

6. Two combination sodium pheno- 
late concentrators and springers. 

7. One caustic storage tank. 
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8. One waste layer scrubber. 
9. One tar acid decanter. 
10. One tar acid storage tank. 
11. Two, general service, horizontal, 
steam-driven duplex pumps. 


Two Operation Phases 


The operation at Tronton may be 
considered as progressing in two sepa- 
rate phases: first, the absorption and 
extraction of phenol as dilute sodium 
phenolate ; and second, the conversion 
of sodium phenolate to concentrated 
phenol, or tar acid, and preliminary 
purification before shipment. 


Extraction Phase 


The process cycle comprising the first 
phase is as follows: 

As discussed heretofore, the flow of 
weak liquor and light oil through the 
phenol absorption equipment is strictly 
countercurrent. Raw weak liquor, 
which has been previously permitted 
to settle for separation of contaminat- 
ing tarry materials, is combined with 
light oil flowing from the secondary 
weak liquor-light oil decanter, mixed in 
the first centrifugal pump, and dis- 
charged into the primary decanter, 
where the mixture separates into an 
upper layer of oil and a bottom layer 
of liquor. This operation is immedi 
ately repeated in the secondary decan- 
ter; oil flowing from the cireulation 
tank is combined with the liquor over- 
flow from the primary decanter, mixed 
in the second centrifugal pump and 
permitted to decant in the secondary 
unit. The dephenolized liquor is with- 
drawn from the secondary decanter 
and pumped to storage. The phenol- 
ized oil flowing from the primary de- 
canter is pumped to the sulfur serub- 
ber, where it is sprayed through a 
fresh water bath for the removal of 
approximately 50 to 60 per cent hydro- 
gen sulfide and a proportionate amount 
of earbon dioxide, cyanide, and chlo- 
ride constituents dissolved in the oil 
and contained in any entrained weak 
liquor. The incoming weak liquor and 
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light oil flows are governed by con 


trollers and maintained in the ratio of 
114 oil to 1 of liquor 
light oil 


from the units through 


approximately 
both 


lows directly 


decanters the over 
a weir box arrangement, and the weak 
liquor is withdrawn through adjustable 
overflows set to maintain a definite 
height of oil and liquor interface. In 
all cases, the fluid flows to the mixing 
pumps are regulated by means of surg 
tanks, equipped with float controls, to 
maintain uniformity of flow 

light oil leaving 
the sulfur serubber flows by gravit) 


The phenolized 


th rou the two series connected CAaUus 
with 
the caustic soda, the phenol is extracted 


washers, where, by reaction 
in the form of dilute sodium phenolate 
The licht oil enters the bottom of the 
first washer and is sprayed through a 
static layer of dilute caustic soda solu 


s of 


orinees 


distributing pipes 
The oil passes 
from the 


slows overflows 


upper portion unit, enters the 
er for treatment similar to 
leaves the 


free 


ond Was 


in the first unit, and 


second stage practically from 
phenol, The oil then flows by gravit) 
} eht oil cireulation tank, which 
purpose of a reser 
the light oil to th 
phenol absorption stage and 
tank for anv entrained caus 
to maintain a clean 
m of light oil, the coke plant pri 
light oil is continuously in 
nto this tank, and an equiva 
withdrawn from the 
or return to storage 
operation of the light oil-causti 
hers is a reversible batch evele; the 
periodically interchanged in 


iS the eHustic soda is 
which oecurs 
12 to 14 davs At 


1 through the 


approsin 
this tim 0 Haw 
the 


first aust is temporarily SUS 


ati 


phenolate solu 


pended ar 


oneentrator, whil 


washer is continued 
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Following the draining, 
is recharged with a fresh 
solution and returned to ser- 
it is placed second in 
position, the other unit with the par- 
tially spent caustic assuming the first 
arrangement 
is recharged, it is filled 
10,000 gal. of 
(250 
grains per liter), equivalent to a 5-ft 
At the end of the re- 
action period this charge has expanded 
to twice 


in operation 
the washer 
caustic 


vice However, 


position in the series 


When a 


with 


unit 
approximately 
solution 


aqueous caustic 


layer of fluid 


its original volume, producing 
20,000 gal. of dilute sodium phenolate 
solution 


Re covery Phase 


The comprising the 
second phase, or recovery of sodium 


process evele 
phenolate as tar acid, is as follows: 
Sodium 


drained 


formed and 
caustic washer 


phenolate as 
the first 
has a concentration in the range of 18 
This material is 
charged to a concentrator for process 


from 


to 25 per cent. 
ing and neutralization with acidic gases 
tar acids. The 
heated with indirect 
steam to recover any entrained light 


to form 80 per cent 


charge is. first 
oil, and is then treated with a current 
of direct high pressure steam in order 
to remove final traces of oil and naph 
thalenes that may have been occluded 
The sodium phenolate is cooled. to a 
to 45° C 
stream of acidic 
blown through the batch. The acidic 
available from distillation of 
the dephenolized weak liquor, and con 
sist principally of hydrogen sulfide and 
‘arbon During this 
the phenol is liberated, or sprung, frorn 


temperature of 40 . and neu 


tralized by a gases 


vases are 


dioxide process 
its metallic salt state, the sodium com- 
binine with the gaseous acids to form 
sodium bicarbonate, 
which 


sodium carbonate, 
remain in 
solution as a residual or waste liquor 
After 
a suitable interval of settling, the tar 
acid is pumped to a decanter and the 
waste layer to a scrubber 


and sodium sulfide, 


layer below the sprung tar acid. 
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The tar acid is permitted to settle 
further in the decanter to assure re- 
moval of any residual waste layer, and 
then is purified by a final treatment 
with acid gases, followed by aeration 
to dispel retained hydrogen sulfide. 
Subsequent to a final settling period 
the tar acid is pumped to storage ready 
for shipment. 

The waste layer pumped to the waste 
layer scrubber is treated with light oil 
for absorption of phenol not completely 
liberated in the neutralization step 
The amount retained is usually 20 to 
25 grains per liter, the oil extraction 
reducing this quantity to 1 grain per 
liter. The phenolized light oil aeeumu- 
lated in this secondary operation is 
pumped to the caustic washers for re- 
covery of the phenol. The dephenol- 
ized waste layer is then utilized as a 
primary process material in a separate 
operation in the by-product sequence. 

The recovery phase of tar acids de- 
scribed is a reasonably efficient process, 
92 to 95 per cent of the phenol in the 
sodium phenolate being recovered by 
the springing, and 90 per cent of the 
remainder being recovered by washing 
the waste layer with light oil. 

Throughout the various stages of the 
process as operated at Ironton, loss of 
light oil used in the eyele is practically 
non-existent. Each piece of equipment 
containing light oil is vented back to 
the suction gas main. Hence, any es- 
caping vapors are diverted to the main 
gas stream and recovered along with 
the regular production oil. Light oil 
entrained in the dephenolized weak 
liquor is reeovered periodically by 
pumping off the accumulated layer 
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floating on the stored liquor. Light oil 
dissolved in the dephenolized weak 
liquor is recovered during the treat- 
ment of the liquor in the ammonia 
concentration operation, 


Decanters vs. Towers 


In 1945, when the Wilputte Coke 
Oven Division was engaged in design- 
ing new facilities for the extension of 
the National Tube Company's coke 
plant at Lorain, Ohio, the existing 
phenol removal plant was studied 
It appeared that the type of 
installation then in operation possessed 
definite economic merits. The study 
also provided the opportunity for de- 
signing another type of light oil ab- 
sorption phenol removal plant whereby 
further reduction in capital investment 
could be obtained without saerifice in 
removal efficiency and operating costs. 
Proceeding with the existing Lorain 
phenol plant as a basis, the Wilputte 
Coke Oven Division designed and in- 
stalled the plant now-in operation at 
Lorain. The essential difference be- 
tween the Lorain and Ironton installa- 
tions, apart from the final treatment 
and handling of the sodium phenolate, 
is in the substitution of a single packed 
tower in place of the mixing pump and 
decanter arrangement used for the ab- 
sorption of phenol. 
nation have shown that the efficiencies 
obtained in these installations do not 
differ, proving that by proper evalua- 
tion of all factors involved installa- 
tions for treatment of phenol-bearing 
waste effluents from coke plants can be 
readily designed and constructed. 


closely. 


Results in elimi- 


NATIONAL TUBE CO., LORAIN, OHIO 
By N. B. THompson 


Assistant Superintendent, Coke Plant 


Experiments were started at the 
Lorain works of National Tube Com- 
pany in 1920 to determine the most 


efficient and economical method of re- 
moving phenol from the by-product 
coke wastes. The two main sources of 
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phenol contamination were found to 
come from the cooling water leaving 
the benzol final coolers and from the 
waste liquor leaving the ammonia stills 

The final cooler cooling water was 
accordingly designed and placed in 
operation as a closed system. This in- 
eluded pumps and an atmospheric cool- 
ing tower. Any surplus condensate 
from this system was allowed to over- 
flow to a coke quenching station. 

A phenol recovery plant was de 
signed and placed in operation in 
August, 1924, for the removal of phenol 
from the ammonia still wastes. The 
benzol recovery method was used, the 
plant being so designed that all the 
weak ammonia liquor must pass 
through the phenol plant before en 
tering the ammonia still. 


Recovery Process 

The present phenol recovery plant 
consists of a scrubber 10 ft. in diameter 
and 65 ft. high. The grid packing is 
constructed of rough sawed wood slats 
The benzol enters the bottom of the 
scrubber and is distributed through 
2.in, perforated extra heavy steel pipe 
The weak ammonia liquor enters at the 
top and is distributed through similar 
perforated pipe. 

At the Lorain coke works the weak 
ammonia liquor, as condensed from the 
raw coke oven gas, contains 0.075 per 
cent phenol by weight. This liquor is 
pumped from a storage tank, through 
automatic stone filters to remove any 
traces of tar and insoluble material, to 
the top distributing pipes of the serub 
ber. Benzol flows continuously, in a 
volume equal to the weak liquor vol- 
ume, to the bottom distributing pipes 
of the serubber 

The phenol is extracted from the 
weak liquor by the benzol as they flow 
countercurrently through the scrubber. 
The average extraction over a 20-year 
period is 95.46 per cent 

The dephenolized weak liquor leaves 
the bottom of the scrubber through an 
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adjustable overflow and is returned to 
a storage tank adjacent to the ammonia 
still. The phenolized benzol flows by 
gravity from the sop of the ammonia 
scrubber to the caustic washer. 

The caustic washer, 12 ft. in diameter 
and 60 ft. high, is constructed with four 
sections. The top section, known as 
the sulfur scrubber, removes some hy- 
drogen sulfide, carbon dioxide, and 
other impurities from the benzol by 
means of a water wash 

The benzol then flows through the 
next two sections, connected in series 
and containing 20 per cent caustic solu- 
tion. When the solution in the first 
washer is completely converted to sod- 
ium phenolate, it is removed, the solu- 
tion from the second washer is trans- 
ferred to the first washer, and a fresh 
20 per cent caustic solution is run into 
the second washer. 

The bottom section of the caustic 
washer acts as a storage or surge tank 
for the now dephenolized benzol. 
From this section it is pumped to the 
base of the ammonia scrubber, thus 
completing the eyele. Some benzol is 
carried in the dephenolized liquor to 
the ammonia still. This is returned to 
the coke oven gas stream with the am- 
monia gas and recovered in the benzol 
plant serubbers. 

The sodium phenolate is passed 
through a centrifuge to remove any 
benzol, together with any tar acids and 
naphthalene that may be dissolved in 
the benzol. <A short rectification with 
direct steam follows the centrifuging, 
after which the sodium phenolate is 
treated in an agitator with 66° Baumé 
sulfurie acid. 

At the completion of this springing 
process, the crude phenol floats on the 
solution of sodium sulfate. The sod- 
ium sulfate solution is drained to a 
recovery sump and the crude phenol to 
a storage tank for shipment. A typical 
sample of the erude phenol contains: 
phenol, 40.56 per cent; eresol, 33.45 
per cent; and residue and wastes, 25.99 
per cent. 
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DESIGN AND OPERATION OF A TREATMENT PLANT 
FOR PENICILLIN AND STREPTOMYCIN WASTES * 


By A. A. HiweGarr 


Staff Engineer, Upjohn Company, Kalamazoo, Mich. 


In the summer of 1945, when the 
Upjohn Company decided to build a 
plant for the production of penicillin 
and streptomycin, one of the first con- 
siderations was the matter of waste dis- 
posal. The manufacturing plant was 
to be located approximately six miles 
south of Kalamazoo, Mich., with the 
wastes treatment plant about 1,500 ft. 
west of the plant, and 4,500 ft. east 
of Portage Creek, which was to receive 
the treatment plant effluent. 

The creek, a small stream having an 
estimated sustained flow of about 10 
to 20 cu. ft. per see., is in good con- 
dition, being used for recreational pur- 
poses about three miles downstream 
from the proposed location of the waste 
disposal plant. The character of the 
stream called for a complete treatment 
plant with an effluent containing no 
more than 100 Ib. of 5-day B.O.D. per 
day, which required a B.O.D. reduction 
of better than 90 per cent. 


Nature of Wastes 


In the manufacture of penicillin, a 
mash consisting of corn steep liquor, 
lactose, and inorganic salts is fer- 
mented with a penicillin-producing 
mold. At the end of the fermentation 
period the mold is removed by filtra- 
tion. The broth is then acidified and 
the penicillin removed by extraction in 
amyl acetate. The latter solution is in 
turn extracted with a buffered salt 
solution, and the penicillin is further 
purified by extraction into and out of 
a second solvent. As all solvents in the 


* Presented at 24th Annual Conference, 
Michigan Sewage Works Association; Tra 
verse City, Mich.; May 23-25, 1949. 
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process are removed by distillation for 
re-use, the principal disposal problems 
involve the mold and the penicillin- 
extracted mash. 

Pilot plant operations had been un- 
der way for some time in a plant in 
downtown Kalamazoo. An analysis of 
the wastes from this plant showed the 
3.0.D. in the penicillin-free wastes to 
be very high, averaging around 13,000 
p.p.m. In an occasional spoiled batch 
the B.O.D. would be in excess of 30,000 
p.p.m. Streptomycin wastes were much 
lower in strength, averaging 2,500 
p.p.m. of 5-day B.O.D. Total sus- 
pended solids in the filtered beer ran 
about 400 p.p.m., with spoiled batch 
containing as high as 20,000 p.p.m. 
The pH of the wastes leaving the ex- 
traction units was between 2 and 3, 
but this was raised to 7.4 to 7.9 by 
the lye in the wash water used in 
cleaning up the equipment after har- 
vesting the tanks. The filter cake sol- 
ids (mycelium) has approximately 70 
per cent moisture, and it was planned 
to bury this mold, which decomposes 
very rapidly under ordinary tempera- 
tures and must be disposed of at once 
to avoid very disagreeable odors. 

In 1945, the available information 
on the treatment of penicillin wastes 
was very meager, and although it was 
known that these wastes could be suc- 
cessfully treated by biological proces- 
ses, it was decided to undertake labora- 
tory investigations to determine more 
closely the rate at which these wastes 
would digest, and provide a more se- 
eure basis for the design of the treat- 
ment plant. These experiments, con- 
ducted under the direction of F. W. 
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Mohlman, director of laboratories of 
the Sanitary District of Chicago, ex- 
tended over a period of almost four 
months from December, 1945, to March, 
1946 

No attempt is made here to go into 
detail regarding the laboratory experi 
ments, other than to say that six series 
of trickling filter tests, and seven se 
ries of digestion experiments were 
made. The best results in the trickling 
filter tests were obtained by aeration 
for 4 hr. and dilution with 4 parts of 
water before application to the trick 
ling filters, giving a removal of 96 
per cent with single-stage application 
at the rate of 1,450 lb. per acre-ft 
Anaerobie digestion proved to be very 
unsuccessful with the penicillin wastes 
Gas production was either entirely 
lacking or very low, and what was 
produced apparently contained very 
little methane 

The final basis of design, as deter 
mined from the results of the experi 
ments, included a maximum flow rate 
of 700,000 .p.d., ineluding sanitary 
wastes from an employee population 
of 1,500 and a residential population 
of 2,500, and a total 5-day B.O.D., 
based on all penicillin production and 
sanitary wastes, of 3,060 Ib. per day 


Plant Structures 

The principal structures (see Figure 
l were 

1. Two 25,000-gal. capacity holding 
tanks for penicillin wastes and wash 
water, equipped with spargers for aera 
tion and providing at least a 10-hr 
retention period These tanks were 
located adjacent to the manufacturing 
plant and aerated wastes were pumped 
periodically to the wastes treatment 
plant at the rate of 200 g.p.m 

2. Two 10-ft. deep preliminary sedi 
mentation tanks having a displacement 
period of 2 hr. at a flow rate of 700,000 
g.p.d. and a volume of 7,500 cu. ft 

3. Two 90-ft. diameter trickling fil 
ters, 6 ft. deep, having a unit load of 
1,500 Ib. per acre-ft. per 24 hr. The 
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total volume of the filters is 1.73 acre- 
ft. and the area 0.288 acre. The filters 
are arranged for either series or parallel] 
operations and, when used in series, 
for reversal of order of the two units 
No intermediate sedimentation is pro- 
vided between the first and second 
stage of series operation. Dilution is 
provided either by recirculating under 
flow from the final sedimentation tank 
or by the addition of cooling water 
from the storm drain to provide a con 
stant 700,000-¢.p.d. flow through the 
plant. The rate of application for 
parallel operation is 2.43 m.g.a.d., for 
series operation, 4.86 or 2.43 m.g.a.d. 

1. Final sedimentation tanks consist 
of two units & ft. deep, having a 2-hr 
displacement period at 700,000 g.p.d. 
and a 7,800-cu. ft. volume. 

5. A chlorine contact tank with a 
20-min. displacement period at the 
700,000 g.p.d. rate. 

6. One sludge digestion tank of 
15,000-eu. ft. capacity 

7. Open sludge drying beds of 3,000- 
sq. area. 


The capacities of the various units 
were higher in some instances than 
those deemed sufficient by the results 
of the laboratory tests, and were in- 
reased at the suggestion of the Michi 
gan Department of Health, which sug- 
vested that the retention period of 
both the primary and final sedimenta 
tion tanks be inereased from 11% hr. 
to 2 hr., and the displacement period 
of the contact tank be increased from 
10 min. to 20 min. In addition, the 
sludge digester capacity was doubled 
from 7.500 eu. ft. to 15,000 eu. ft.). 

Subsequent operation of the plant 
proved the soundness of this advice, 
particularly with reference to the di- 
gester. All the laboratory tests indi- 
eated that very little sludge would be 
produced from the reduction of peni- 
cillin wastes and that the additional 
digester capacity would be required 
only when the residential population 
became tributary to the disposal plant. 
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Another suggestion incorporated in the 
design of the plant was the installa- 
tion of scum troughs in the final sedi- 
mentation tanks. The added cost was 
very slight, but they have been used 
on frequent occasions. 


Operating Problems 
The wastes treatment plant was 
placed in operation in the spring of 
1948, with the usual adjustments and 
corrections incidental to starting up a 
new plant being encountered. Among 
these was adjustment of the erratic 
operation of the 200 g.p.m. pump at 
the holding tank, which pumped raw 
sewage to the wastes treatment plant. 
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SLUDGE FLOW DIAGRAM 


FIGURE 1.—Layout and sludge flow diagram of treatment plant for penicillin and 
streptomycin wastes. 


The pumping cycle of 30 min. every 4 
hr., as originally set up, delivered a 
shock load to the trickling filters. The 
most satisfactory pumping rate was 
found to be & min. out of each 30 min., 
which evened out the rate of flow and 
showed considerable improvement in 
the treatment of the wastes. 

From time to time evidence of a 
heavy oil emulsion is apparent on the 
filter stones. This is caused by the 
lard oil used as an anti-foam agent in 
the fermenters. The emulsion gradu- 
ally clogs the filters, but is sloughed 
off during the light loadings on the 
filters over the week-end. Additional 
grease trap capacity is under consider- 
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ation to keep this oil out of the wastes 
treatment plant. 

Several odor complaints were re 
ceived in the late summer of 1948. At 
that time they were attributed prin- 
cipally to the rather high concentration 
of amyl acetate in the wastes, due to 
the fact that the stripping still for the 
recovery of this solvent was not yet in 
operation. By November, odor com 
and 
The odor of decom 


plaints began to come in earnest 
with good reason 
posing organic matter was very evident 
and was caused by incompletely di 
gested sludge on the drying beds, in 
combustible gas discharged through the 
waste gas burner of the digester, and 
partly digested sewave applied to the 
trickling filters. The odor 
from all these sources could be traced 
directly to the digester. 

The sludge in the digester was in a 


cause of 


stage of acid digestion, as indicated by 
the 6.0 pH{ of the supernatant liquor 
the high CO,, methane, and 
high H.S content of the digester gas. 
The CO, content was 63 per cent; the 
Cil, content, 23 per cent; and the 
Hf.S content, 2 per cent. Although the 
condition of the digester is not 
before the normal 
methane digestion, the disturbing ele- 


and low 


acid 
unusual onset of 
ment in this case was the excessive time 
required to overcome acid digestion 
Six months had elapsed since the plant 
In the 
meantime, the digester had been filled 
and it became necessary to draw un 


was placed in full operation 


digested sludge to the drying beds. 


In addition, an inecombustible eas 


with a high H.S content was being 
diffused into the atmosphere and super 
natant liquor containing a high per- 


centage of partly decomposed sludge 
and other soluble odor producing sub- 
stance was being recirculated through 
the system 

The the 
correct this very undesirable condition 
was to raise the pli of 


OF 


first of measures taken to 


the digester to 
higher by the addition of hy 
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drated lime, and to maintain this pH 
until methane digestion estab- 
lished. The next step in odor control 
was to burn the gas being generated in 
the digester by enriching it with bottled 
propane gas until enough methane was 
produced to support combustion. This 
was done by tapping the line to the 
waste gas burner. To discourage the 
production of odors from the drying 
beds, they were sprayed with an emul- 
sion of orthodichlorbenzene, which 
effectively disposed of the hydrogen 
sulfide odors 

Sludge from the digester had been 
hauled away in tank trucks at the rate 
of 30,000 gal. per month during Au 
gust, September, and October. This 
practice was continued until well after 
the digester transferred to normal di- 
During the liming period 
very little sludge was pumped to the 
digester and raw sludge was hauled 
away from the primary tank during 
the subsequent winter months. The 
peak was reached in December, 1948 
when 110,000 gal. were hauled. Nor- 
mal pH was established by late Decem- 
ber and a gas analysis taken in April, 
1949 showed that the digester is fune- 
tioning normally—methane was 70.3 
per cent, CO, was 26.7 per cent, and 
H.S was 0.1 per cent. With these cor- 
rective measures, all complaints of ob- 
noxious odors subsided for a time. 


gestion. 


Changes in Waste Character 


Late in December, 1948 a number of 
samples of raw wastes were analyzed to 
determine if changes had taken place 
in the character of the wastes since the 
original investigation on which the 
treatment plant based. 
These analyses indicated a somewhat 
higher B.O.D. and a very marked in- 
crease in suspended solids, both total 
and volatile, amounting to better than 
300 per cent for the total suspended 
solids and 500 per cent for the volatile 
solids. The implications of this in- 
crease in B.O.D. and suspended solids 
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and their effect on the disposal plant 
is now being studied, but no definite 
conclusions can be drawn at this time. 

Another souree of heavy solids load- 
ing on the filters is the occasional 
spoiled batch of penicillin containing 
suspended solids approximating 20,000 
p.p.m. In the original design, these 
wastes were to be filtered before dis- 
charge to the treatment plant. How- 
ever, subsequent operations proved 
that they were too heavy to pass 
through the filter. Such loads are 
relatively infrequent and none have 
been received for the past two months. 

The filter aid used in the second- 
stage filtering of the penicillin is an 
inorganic diatomaceous earth, which 
settles very rapidly and in time is 
liable to compact in the digester and 
cause serious loss of capacity in the 
unit if these solids are not kept out of 
the wastes. In the plant described, the 
spent filter aid is carefully removed 
from the filter and hauled away with 
the mold and, except for a small quan- 
tity present in the wash water, does 
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not appear in the wastes going to the 
treatment plant. 


Conclusions 

From experiences at this plant it can 
be concluded that these wastes can be 
successfully treated by biological proe- 
esses. There have been extended 
periods when B.O.D. removal was as 
high as 97 per cent and total B.O.D. 
in the effluent discharged to the stream 
was less than 60 lb. per day. It can 
also be concluded that laboratory ex- 
periments are at best merely a guide in 
the design of a wastes treatment plant 
and that they do not take into account 
the modifications in manufacturing 
processes when full scale operations yet 
underway. The large increase’ in 
solids in the penicillin wastes, as well 
as the higher 5-day B.O.D., indicate a 
solids loading approximately four 
times greater than that anticipated in 
the design of the plant. As a result 
the changes in operating procedure, 
plant design, or both, are presently 
under intensive investigation. 
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Spent pickle liquor, an acid iron 
waste produced by the steel industry, 
is essentially a solution of ferrous sul 
fate and sulfuric acid. A large num 
ber of processes have been proposed 
for recovering values from this indus 
trial waste, but many factors have pre 
vented their successful operation. Only 
copperas (ferrous sulfate heptahy 
drate) is recovered commercially, and 
conversion of about 4 per cent of the 
pickle liquor produced annually in this 
country supplies the market demand. 
In the majority of cases, therefore, the 
liguor must be neutralized to avoid 
pollution of streams 


Design Factors 


Neutralization is costly, not only by 
virtue of the alkaline material required, 
but also because the sludge produced 
in the process must be disposed of : 
under some circumstances the cost of 
sludge disposal may greatly exceed the 
primary expense of neutralization. It 
is imperative that the most economical 
neutralization procedure be adopted, 
and a final decision should not be made 
until all significant factors have been 
investigated (3 Important consider- 
ations are the cost, reactivity, and 
availability of alkaline agents; the 
space available for the neutralization 
plant and for sludge storage; the an- 
ticipated volume and composition of 
pickle liquor and of rinse water; the 
pickling shop operating schedule; neu 
tralization techniques; provision for 
discharge of effluent; and construe- 


* Presented at 23rd Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference Cleveland, Ohio; June 22-24, 
1949. 
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tional details. Local conditions will 
sometimes impose other factors, but 
those given are the principal ones that 
should be taken into account in the 
preliminary investigation 

In general, certain factors will be 
fixed by conditions in the pickling 
shop. Operating schedules are usually 
rather inflexible, and the volume of 
pickle liquor will be governed by the 
kind of stock being cleaned. Similarly, 
it is necessary to comply with the re 
quirements of public health depart 
ments applicable to the stream or 
municipal sewer into which the efflu- 
ent is to be discharged. It is often 
possible to control some seemingly in- 
variable factors. For example, an ex- 
cessive volume of rinse water is used 
in many pickling operations; any re- 
duction in volume from this source 
would obviously result in decreasing 
the size of a neutralization plant, as 
well as its cost of operation. It is 
important to seek ways to improve the 
efficiency of the pickling operation, be- 
cause wasteful use of acid constitutes 
a double loss: the wasted acid must be 
neutralized. It is not always clearly 
recognized that the place to begin 
waste treatment is in the manufactur- 
ing plant itself. 

Some latitude is available in the 
choice of a neutralization process, and 
it is necessary to exercise good judg- 
ment in selecting a process because it 
will usually be found that one tech- 
nique will fit a given set of loeal con- 
ditions better than any other. Adop- 
tion of the proper plant will be 
influenced by the neutralizing agent, 


i 


the neutralizing procedure, and sludge 


disposal facilities. 
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Selection of Neutralization Agent 


It is not always sound economy to 
use the cheapest alkaline agent at hand, 
because delivered cost per ton can be 
a misleading eriterion of neutralizing 
value. <A potential neutralizing agent 
should be evaluated in terms of avail- 
able alkalinity and reactivity, and the 
material should be held to specifica- 
tions. Table I lists a number of pos- 
sible agents and compares their cost in 
terms of dollars per ton of basicity. 

High caleium quicklime is widely 
used for pickle liquor neutralization 
because of its general availability and 
high reactivity. It has been taken as 
the basic material for comparing costs 
in Table I. Dolomitie limestone was 
included in the table as an example 
of a cheap neutralizing agent that 
cannot be used for the purpose because 
of its extremely low reactivity. 


Reaction Rate 


The reaction rates of neutralizing 
agents cover a considerable range, and 
this factor will govern the size of the 
reaction tank. Where the treatment 
plant must be confined to a limited 
space, the most reactive agents are in- 
dicated. Conversely, where relatively 
long periods of time elapse between 
bulk discharges of liquor from the pick- 
ling shop, or where adequate space can 
be assigned for the treatment plant, 
one of the less reactive, but cheaper, 
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TABLE I.—-Cost Comparison of Various Alkaline Agents 
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materials, such as pulverized high- 
calcium limestone, may be used to ad. 
vantage. 

Reactivities of a variety of neutral- 
izing agents are compared in Table 
II under various combinations of con- 
ditions. The liquor used in making the 
comparisons contained 60 grams of iron 
and 200 grams of sulfate ion per liter. 
In each case, a 5 per cent excess of 
alkaline agent was added. The data 
show the amount of iron unprecipitated 
after a 6-hr. reaction period, except 
where iron was absent in a shorter time. 


Sludge Volume 


The settleability and the final volume 
of the sludge are important where la- 
goon space is limited. If a lagoon can- 
not be provided, a new neutralization 
technique, described later, offers a so- 
lution to the problem. The settling 
rates of the sludges from Table IT are 
shown in Table IIT. Values are given, 
for each of the reaction conditions, 
which show the initial settling rate and 
the final sludge volume, in percentage 
per minute and percentage of original 
sludge volume, respectively. In some 
cases, the sludge compacted to its final 
volume in a few hours; in others sev- 
eral days were required 


Characteristics of Various Agents 


Every neutralization plant will differ 
from another in some respect, on ac- 


Prices j Jasicity Cost © 
Agent | Grade Container | $/ton of | 

Sodium hydroxide Flake, 76% | Drums | 69.00 | 0.687 | 100.44 | 7.00 
Sodium carbonate | Dense, 58% | Barrels 10.00 | 0.507 78.80 | 5.43 
Magnesium oxide | Caleined Cartons H.00 | 1.306 49.00 | 3.41 
High-calcium hydrate | Chemical Bags | 13.50 | 0.710 19.01 1.32 
Dolomitie hydrate | Chemical | Bags | 13.50 | 0.912 14.80) 1.03 
High-ealcium quicklime Pulverized | Bulk | 13.50 | 0.941 | 14.35 1.00 
Dolomitie quicklime Ground | Bulk | 11.00 | 1.110 | 9.91 | 0.69 
High-calcium limestone Pulverized Bulk | 3.75 | 0.489 7.67 | 0.5% 
Dolomitic limestone Pulverized Bulk 3.20 0.564 | 5.67 0.39 


> Grams equivalent CaO per gram. 


* Current quotations, June 1, 1949, in carload lots 
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TABLE II.—Reactivity of Alkaline Agents with Pickle Liquor 
Iron unprecipitated after 6 hours, grams per liter) 


| Conditions of Reaction | 
No Aeration (1 No Aeration (2 With Aeration 3 With Aeration (4 
| NaOH 1 1 
| NaeCO, 0 in O.75 her Oin O.75 br 0 in 0.75 hr O in O.5 hr. 
Me(? Oin 3 hr 0.72 0 in 0.5 hr 0 in 0.25 hr. 
Mg } 14.08 14.08 11.99 2.50 
Cad Oin 0.25 her Oin 0.25 hr. Oin5 min. Oin 5 min. 
CaO0-MeO 1.88 3.14 1.04 0.30 
Ca(OH), 0 in 0.5 hr. 0 in 0.5 hr 0 in 0.5 hr 0 in 0.5 hr. 
Ca(OH). MgO 1.23 53 0.55 0 in 3.5 hr 
Acetylene sludge’ 1.66 1.04 Oin 3.5 hr O in 3.5 hr 
Cement dust? 9.44 8.02 2.438 0 in 4 hr. 
Cement dust* 13.81 14.00 S.02 3.49 
CaCOy,, precipitated 8.95 5.17 O in 2 hr. | Oin 1.5 hr 
CaCQ,, limestone 20.40 18.80 2.9%, 0.03 


! Reaction pr wtically instantaneous 
? Reactive 

* Unreactive 

*Ca(OH), 


count of local conditions. Selection of | design. In this section the significant 
the proper alkaline agent may be the characteristics of the most likely agents 
determining factor in the final plant are discussed in detail. 


TABLE III.—- Sludge Settleability 


Conditions of Reaction! 


0.04 


NaCO, 14 | 2 5.6 14 24 | 
MgO" 0.22 58 | 0.55 14 O18 | 44 000 | 100 


CaO | 0.01 0.07 69 0.01 92 0.01 
MgO 0.00 100 0.10 70 0.05 0.05 57 
Ca(OH). 0.07 68 0.13 70 0.01 93 | 0.08 5 | 
CalOH).-MgO 0.03 71 0.10 57 0.67 {8 0.00 60 | 

0.27 


sment dust! 


Cal) precipitated O07 €3 0.63 65 0.13 72 ; OF 57 7 
CaCO,, limestone ad $ 6 0.57 16 0.13 77 


sane? The lable | 
per cent per minute 
‘In per cent of original attained in 17 to 20 hr I 
4 Reactive 
Unreactive 


* Settling rate meaningless because of small fraction of iron precipitated 
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Caustic Soda 


Caustic soda is the most reactive of 
the common agents, but its high price 
will normally preclude its use in all but 
exceptional circumstances. It has, 
however, certain definite advantages 
that must be weighed in reaching a de- 
cision. Its high reactivity and the 
small volume of sludge it yields, where 
the reaction is carried out near the 
boiling point, means that plant size 
will be small per unit volume of pickle 
liquor. In addition, the relatively pure 
hydrated iron oxide can be recovered 
and sintered for blast-furnace charge, 
and pure sodium sulfate, either an- 
hydrous or Glauber salt, can be pro- 
duced from the iron-free supernatant. 
These recoveries will partly offset its 
high price, as will the compactness of 
the plant itself. 

Mills which use caustic soda de- 
greasing baths, or have sodium hydride 
pickling installations, should investi- 
gate such sources of caustic for pos- 
sible application in a pickle liquor neu- 
tralization plant. Also, the possibility 
of obtaining relatively impure by-prod- 
uct caustic, either as a solid or as a 
moderately dilute solution, from a 
nearby chemical plant should be ex- 
plored to reduce over-all operating 
costs. 


Soda Ash 

Soda ash is not only costly, but much 
less reactive than caustic soda. It 
would appear to have no place in the 
pickle liquor neutralization field, ex- 
cept where only the free acid needs to 
be neutralized. Ease of handling 
offers an advantage in this case. 


Ammonia 

In addition to being high in price, 
ammonia will not precipitate iron com- 
pletely because of the formation of a 
soluble iron-ammonia complex. Special 
equipment is required to realize the 
full effectiveness of ammonia, and its 
use is uneconomical except under spe- 
cial conditions in large mills. 
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High-Caleium Lime 


The high reactivity and low cost of 
both high-calecium quicklime and hy- 
drate point to these compounds as the 
most universally desirable agents for 
pickle liquor treatment. For full ef- 
fectiveness quicklime must be properly 
slaked and the hydrate thoroughly 
wetted before use. These materials 
have been dealt with in detail in an- 
other paper (1). 

The supply of high-caleium limes is 
limited in some areas. It is reported, 
however, that the available supply is 
generally adequate to accommodate the 
pickle liquor neutralization plants 
whose construction is anticipated. 


Dolomitic Lime 


Less reactive than the equivalent 
high-calecium products, dolomitie quick- 
lime and hydrate are in somewhat bet- 
ter supply. These products have 
higher basicities than their high-cal- 
cium counterparts, and, as they sell for 
approximately the same price, provide 
basicity at a lower unit cost. Low re- 
activity is the principal objection to 
dolomitic materials, but this disad 
vantage can be overcome by adoption 
of proper techniques (2). 

Aeration of the reaction mixture is 
the most effective means of reducing 
the time for complete iron removal 
with dolomitic lime. Table TV shows 
the effect of aeration on a pickle liquor 
treated with dolomitie lime at room 


TABLE IV. —Effect of Aeration 


| U naerated Aerated 

- 
ir 

1 pu pit 
0.083 | 4.71 6.9 4.15 5.1 
0.25 3.15 7.1 2.88 48 
0.5 2.46 7.0 2.5% 4.2 
1 |} 1.90 7.0 1.12 2.7 
2 1.40 6.9 0.08 4.2 
3 | 1.40 7.0 - - 
7) | 1.18 7A 
6 0.56 7.5 
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temperature. These data reveal that 
oxidation has little effect in the early 
stages of the reaction, but as the rate 
of iron precipitation decreases the ox) 
dation rate increases relatively faster 
than the rate of iron precipitation, re 
duces the pH of the mixture, and pro 
\ dr ving force for completion 


vides the 
of the reaction, by increasing the tend 


f alkaline agent to dissolve 


encey OF the 
Pulverized High-Caleium Limestone 


Pulverized high-caleium limestone is 
a cheap agent that is usually in plenti- 
ful supply. Unfortunately, however, 
its reactivity is low. Moreover, the re 
activities of limestones from different 
sources vary widely, and a stone should 
be selected only after making compari 
Dolomitic 


limestone is too unreactive for pickle 


sons in trial neutralizations 


treatment 

There probably are a number of lo 
calities where one of the more reactive 
limestones will provide economical com 
plete treatment. This would normally 
be the case where the volume of pickle 
liquor is small and ample reaction time 
ean be provided. The split limestone 
lime method ] 


erating economies in commercial prac 


has demonstrated op 


tive 


Pre ipitated Chalk 


Precipitated chalk, being more reac- 


ve than natural ealeium carbonate, 


higher 


and selling at only a slightly 
price where it is a by-product of chemi 
cal manufacture, may find expansible 


for neutralization 


Cement Dust 


Experimental work on cement dust, 


a by-product of portland cement manu- 


facture, was limited to two samples 
from different sources. Its reactivity 
varies considerably and would appear 


generally similar to that of pul 


verized high-ealcium limestone. It 


should be available at a low price. It 
that 


employed for 


is unlikely this material could be 
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pickle liquor because of its low reac- 
tion rate, but where a reactive dust is 
available at low cost it could be used 
as a primary agent if aeration and heat 
could be prov ided 


Acetylene Sludge 


Acetylene sludge, a trade waste from 
acetylene generation, is an impure hy- 
drated high-ealcium lime which is avail- 
able in many areas at a low price. Be- 
ing less reactive toward pickle liquor 
than high-caleium hydrate, this mate- 
rial could be used successfully in a split 
treatment. 


Vagnesia 

The rather high price of magnesia 
limits its value as a neutralizing agent. 
Nevertheless, its high basicity, and the 
possibility it offers for recovering pure 


iron oxide and magnesium sulfate, 
would reduce its net cost. It might 
find a useful application in areas where 


there is a steady demand for magne 


sium sulfate. Commercial magnesias 


vary in reactivity, depending on the 


method of manufacture. 


The Neutralization Process 


A number of neutralization 
dures have been developed to fill exist 
ing needs. These should be studied to 
determine the one process that will best 
fit local conditions. The reaction tank 
should be constructed of appropriate 
acid-resistant material and equipped 
with any type of agitator that will pro- 
vide thorough mixing. The spent 
liquor and alkaline agent may be added 
to the reaction vessel by any suitable 
means, and the resultant slurry may be 
pumped, or discharged by gravity, to 
lagoon. Handling and ap 
plication of lime have been dealt with 
comprehensively by Rudolfs (6 


pre 


a storage 


Conventional Neutralization 

This technique is practiced almost 
universally pickle liquor is 
treated with an alkaline agent. It 
comprises mixing the proper amount 
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of agent with the liquor until the reac- 
tion is complete. In this treatment it 
is important that quicklime is properly 
slaked (or hydrate wetted) for maxi- 
mum efficiency in utilizing the agent. 


Split Treatment 


In localities where pulverized high- 
calcium limestone or a similar low-cost 
agent can be purchased at a relatively 
low price per ton of equivalent calcium 
oxide, economies can be realized by em- 
ploying a split treatment (1), in which 
the limestone is used to neutralize the 
free acid and precipitate the ferric 
fraction of the iron, and a more reac- 
tive (but more costly) agent is used to 
complete the treatment. The propor- 
tion of the treatment borne by each 
agent will be determined by local con 
ditions. If both compounds were 
pure, it would be economical to substi- 
tute pulverized stone for quicklime 
where the former could be bought for 
less than 56 per cent of the price of the 
latter. In practice, the break-even 
point is about 61 per cent. It must be 
emphasized here that dolomitic lime- 
stone is unsuitable for this applicea- 
tion 


Polishing Treatment 


Where a cheap but relatively unre- 
active agent is available, operating 
schedules or limited space for the neu- 
tralization plant usually prevent its 
use because of the relatively long time 
required to complete the reaction. In 
a case of this kind it is possible to ob- 
tain much of the economy of the cheap 
agent by using it to perform the major 
proportion of the neutralization and a 
more reactive material to complete the 
treatment. This technique is similar 
to the split treatment; but here the 
primary agent is required to do a much 
larger part of the job, and the secon- 
dary agent becomes, more accurately, 
a polishing agent (3) 

Pulverized high-calcium limestone, 
precipitated chalk, dolomitie quicklime 
or hydrate, and cement dust may be 


ACID IRON WASTES NEUTRALIZATION 217 


cited as examples of possible primary 
agents. Sometimes a survey of the re 
gion in which the plant is located wil! 
disclose an enterprise that produces a 
suitable alkaline material as a waste 
product. Such sources often yield a 
satisfactory agent that may be had for 
little more than the cost of transpor- 
tation 

Polishing agents comprise a group of 
very reactive alkaline materials that 
can be used without serious handling 
problems and whose cost is not exces 
sively high. Caustic soda, high-cal 
cium quicklime, and high-ealeium hy- 
drate are examples of suitable polish- 
ers. Soda ash, which would appear to 
be suitable, cannot be used effectively 
because it will not readily produce a 
sufficiently high pH (9.3) for complete 
precipitation of ferrous iron. Heat 
and aeration are necessary to remove 
the carbon dioxide formed by the soda 
ash reaction, and this adds to the ope- 
rating cost. In addition, it is substan 
tially less reactive than the other 
agents cited. 


Excess Agent Method 


C.J. Lewis has developed a neutrali- 
zation process (5) which yields a final 
slurry that can be dewatered in a cen 
trifuge. The process involves adding 
a large excess (300 to 400 per cent) of 
dry alkaline agent to pickle liquor 
while the mixture is stirred thoroughly. 
The excess agent has the property of 
converting the slurry into a granular 
mass that can be dewatered centrifu- 
gally. Where the waste water must 
be completely free of suspended solids 
it is necessary to pass the centrifuge 
effluent through a polishing filter. This 
process is applicable only where a rela- 
tively small volume (2,000 to 3,000 
g.p.d.) of pickle liquor is to be treated, 
because of the cost of the neutralizing 
agent. 


Vew Neutralization Technique 


The author and his co-workers have 
developed a new method (4) for neu 
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tralizing pickle liquor that provides a 
solution to the problem of sludge dis- 
posal where limited or no lagoon space 
is available. The process depends on 
controlled oxidation of the iron, in the 


presence of an alkaline agent, to ferro 


soferric oxide. It is simple to operate, 


consisting only of feeding pickle liquor 
at a predetermined constant rate to a 
bath in a reactor, where the tempera 
ture is maintained above 75° C. and 
means are provided for efficient aera 
tion 

Variables were evaluated in a pilot 
plant reactor illustrated diagrammat 
ically in Figure 1. It consisted of a 


FIGURE 1.—Schematic arrangement of 
pilot plant apparatus for pickle liquor 
neutralization. 


pipe bolted to a steel 

on was supplied by three 

irouded impellers, mounted equidis 
tant on haft, with a separate air 
supply for each. The impellers wer 
driven at a peripheral speed of 700 ft 
min \ vertical baffle, extending 

» full depth the reactor, furnished 
necessary turbu Waste pickle 
liquor was adm d from a reservoir 
through a tul charging below the 
lowermost impeller. Details of the re 
actor design are presented in Figure 2 


All * runs reported here were 


made by the eychie eontinuous method 
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because suitable equipment was not 
available for feeding the alkaline agents 
accurately at a sufficiently constant 
rate to collect data on continuous ope- 
ration, Supplemental runs, in which 
the alkaline agent was added manually, 
revealed that with proper feeding de- 
viees the process could be operated 
ontinuously without difficulty. Mag 
nesia, dolomitic quicklime, high- 
‘alcium quicklime were evaluated by 
this process ; the operating procedure 
was the same for each agent. 

For each run, a quantity of alkaline 
agent equivalent to or somewhat in ex- 
cess of the hiometric requirement 
of 8 liters of pickle liquor was slaked 
in water and mixed thoroughly with 
about 8 liters of slurry left in the re- 
actor from a previous run. The mix 
ture was heated externally to the 
proper temperature, and the air feed 

at the desired rate. The three 
needle valves were adjusted to split the 
air feed inte three substantially equal 
streams The pickle r feed was 
then started at a predetermined rate. 
Piekle liquor was fed to the bath at a 
onstant rate until 8 liters had been 
iided. <A sample of slurry was then 
filtered, and the filtrate tested for sol 
nble iron; if iron was present, the air 
was continued until the iron oxi 
dized and was precipitated Where 
the variables were properly adjusted, 
; precipitated at the end 
kle liquor feed period. Half 
he slurry in the reactor was then 
drained off, and that remaining was 
used immediately to start another evele 
\lthough the characteristics of the 
sludge produced in sneceeding cycles 
ted to some extent by the qual- 
present at the start of 
et was normally small, 
variables were changed 

er a relatively broad range. 


sful operation of the proe- 
irily on balancing the 
rate of iron precipitation with the rate 
of oxidation of ferrous hydrate. These 
rates must be so controlled that the iron 
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FIGURE 2.—Details of reactor design. 


in the precipitate will have a ferric to 
ferrous ratio between 2 and 5, prefer- 
ably between 2.5 and 3.5, while the 
temperature of the bath is maintained 
high enough to promote the formation 
of ferrosoferric oxide. Obviously, 
there are many variables that should 
be considered in selecting the optimum 
operating conditions—for example: re- 
actor design, ineluding aeration and 
agitation; reactivity of alkaline agent; 
composition of pickle liquor; reaction 
temperature; excess alkaline agent; 
and pickle liquor and air feed rates. 
Detailed study of each of these vari- 
ables would be an undertaking of con- 
siderable magnitude. Fortunately, all 
are not of equal importance. Experi- 
ments have demonstrated that reactor 
design is not a critical factor, except 
that efficient dispersion of air must be 
provided. Although shrouded _ tur- 


bines were used in this study, a turbo 
mixer gave satisfactory results in a 
trial run, and there is no reason why 
any of the aerator-agitator devices on 
the market that provide vigorous dis- 
persion of air could not be used. The 
lower temperature limit is governed by 
the conditions for formation of ferro- 
soferrie oxide. Choie of alkaline 
agent and composition of liquor will be 
fixed by local conditions. In a com- 
mercial installation, then, the only 
variables to be decided on would be ex- 
cess agent and the rate of feed of pickle 
liquor and air. These could easily be 
established by a few trial runs. 

The data presented show the feasi- 
bility of the process and the improve- 
ment in sludge properties that may be 
expected from it. Magnesia was used 
to develop the basic principles of the 
process to avoid interference from 
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TABLE V.—-Neutralization of Pickle Liquor with Several Agents 


Ay of Rats 
| 

MgO 105 270 
MgO 104.5 117 st) 
CaQO- MgO 110 10S 
CaO-MgO Strong | 110 75 $2 
(al) Wea 105 285 7 
Ca Strong | 105 140 x2 


other compounds, such as calcium su 


fate. High-calecium lime then 


studied because of its popularity as a 


neutralizing agent, and also because 
there was considerable doubt that it 
ould be adapted to the process in view 


of the amount of calcium sulfate that 


would be coprecipitated. Finally, dolo 


mitic lime was used to represent a 


neutralizing agent whose reactivits 


was intermediate between that of the 


first two materials investigated At 
tually, the dolomitie lime was found t 
be less reactive than the magnesia em 
ploved in the study, but the magnes 
chosen was the chemical grade, 

highly reactive form of the compound 
The pickle liquor used was made by 
issolving steel mill copperas and sul 


furic acid in water to vield a solutior 


ontaining 60 grams of iron and 200 


vrams of sulfate per liter; this compo 


sition was chosen to re present the wast 


quor from continuous strip picklers 


For each alkaline agent studied 


eries of runs was made with the stand 
ird liquor diluted with an equal vol 
ume of water Another series was the 


made with the full-streneth liquor 
Chis procedure was adopted primarils 
to facilitate the process development 
but it served also to illustrate the cor 
ditions to he expeeted where the wast 
liquor is combined with rinse water 


A representative set of data is giver 


n Table ts A tually more than 100 


runs were made with the experimenta! 


plant, it being invariably possible t 
dup!) cate results for a viven set of eon 


dlitio 1s 


i 


it 


i } art 

7.4 2 60 0.04 O53 16 
345 oOo] 0.76 20.5 
6.4 2 53 0.02 0.60 a0 
0 253 O58 $5 
250 ooo O.40 


The most significant feature of the 
new process is the rapid rate of slurry 
subsidence; under normal eonditions 
settling is complete in 15 to 30 min 
In addition, the smallest practicable 
final sludge volume is achieved by this 
technique 

The slurry an be filtered at a high 
rate on a vacuum filter. For example, 
the slurry from a high-caleium lime 
neutralization can be filtered at a rate 
if over 400 lb. of wet cake per square 
boot pet hour ind the cake will eon 
tain 60 per cent dry solids. This filtra 
tion rate is about twenty times as high 
as can be obtained with slurry from a 
‘conventional neutralization The high 
rate can be explained by the faet that 
the coprecipitated caleium — sulfate 
ervstallizes in long needles, which act 
is a filter aid In fact, filtration rate 
is proportional to the amount of eal- 
‘ium sulfate in the slairr 

This technique has been deseribed in 
some detail because it is so new that no 
commercial installations have vet been 
made, although several are in prospect 
Operation is quite simple; temperature 
and ferric-ferrous ratio are the only 
eritical variables, and these are read 
ilv eontrollable 


Summary 


This paper has presented in outline 


the principal factors that must be con- 


sidered in designing a plant for waste 
pickle liquor neutralization. The prin 


‘ pies set forth Ss wuld he appli ‘able to 
most problems in acid waste treatment. 


The importance of choosing the proper 
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alkaline agent has been emphasized, as 
well as the advantage to be gained by 
utilizing circumstances peculiar to a 
given locality. A new neutralization 
technique, which is a considerable ad- 
vance in the art, has been presented 
to offer a solution to the problem of 
sludge disposal where lagoons cannot 
be installed 
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NEW BEET SUGAR WASTES TREATMENT PROCESS 


A new treatment process for beet 
sugar wastes that combines the advan- 
tages of increased sugar yield and 
elimination of an important source of 
stream pollution, has been announced 
by Clair N. Sawyer, associate professor 
of sanitary chemistry at Massachusetts 
Institute of Technology. Developed 
under Professor Sawyer'’s direction by 
Kk. A. Pearson. now of the University 
of California, the new waste treatment 
inereases the yield of sugar by about 
$ lb. per ton of beets, while reducing 
water consumption by at least 520 gal. 
Thus, a source of pollution involving 
annually about 3.000 m.g. of waste 
water would be eliminated. 

Under the new method, a very small 
amount of chlorine is dissolved in the 


mill’s process waste water to destroy 
bacteria and make possible rapid sepa- 
ration of the non-sugar impurities. 
The small concentration of valuable 
sugar remaining in the water can then 
be recovered, as the treated water may 
be re-used for sugar extraction, in- 
stead of being discharged as waste. 
The resulting reduction in water re- 
quirements (about 30 per cent) prom- 
ises to become an important aid in 
protecting and conserving water sup- 
plies in sugar beet areas. 

Preliminary economic studies are re- 
ported to indicate that savings during 
the first year of operation should pay 
the cost of the necessary new treating 
equipment. 
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AN ACID IRON WASTES NEUTRALIZATION PLANT * 


By Roy F. Las 
Chief Chemist, Copperweld Steel Co., Warren, Ohto 


After trying several makeshift meth 
ods for disposal of waste pickle acid, 
Copperweld Steel Company in Jan- 
uary, 1944, put into service the neu 
tralization equipment now in use at its 
Warren, Ohio, plant. The treatment 
plant has functioned in a satisfactory 
manner and consists of the following 


units (see Figure 1 


1. A bucket elevator for unloading 
hopper cars into an overhead lime bin 
holding 150,000 Ib. of hydrated lime 
the contents of two hopper cars 

2. A hopper scale of 3,000-lb. capac 
ity, beneath the lime bin and over a 
3.000-cal. tank for mixing lime slurry. 


3. An open pit or well attached to 
the building containing the lime bin, 
ete., and in which the waste pickle acid 
is accumulated after it is discharged 
from the pickle tanks as being spent. 
This tank is of conerete lined with 
acid-proof brick, is 2314 ft. square and 
13 ft deep, and holds about 50,000 gal 

t+. A neutralizing tower attached to 
the other side of the building. This is 
also of concrete lined with acid proof 
brick, is 18 ft. high and 10 ft. in diam 
eter, and holds 10,000 gal 

5. A lagoon 400 ft. square, originally 
9 ft. deep, and located in a field about 
” OOO ft. removed from the rest of the 
plant. Here final effluent is discharged, 
the sludge settles, and clear liquid over- 
flows into the Mahoning River. 

6. Two duriron acid pumps in the 
basement of the building proper, and 
two sludge pumps in a lean-to adjoin 
ing the building 

* Presented at 23rd Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference Cleveland, Ohio; June 22-24, 


1949 


In operation, lime is received in 
hopper cars and unloaded by bucket 
elevator into the lime storage bin. 
Waste pickle acid and wash water 
from pickle tanks is accumulated in the 
well at the neutralizing plant. A 
5,000-gal. batch of the waste pickle acid 
is pumped into the neutralizing tank 
and mixed by recirculating for 5 min. 
A sample is then drawn off and checked 
for acid and iron content. Given the 
acid and iron content, the operator de- 
termines from a chart the amount of 
lime necessary for neutralization. 
This amount of lime is weighed and 
dropped into 2,000 gal. of water in the 
lime mixing tank, the mixture being 
agitated with motor driven paddles to 
a smooth slurry. The slurry is then 
pumped into the neutralizing tank, 
which already contains 5,000 gal. of 
waste acid. 

After the lime water and acid have 
been mixed by recirculation for 45 min., 
a sample is withdrawn and the pH de- 
termined. If the pH is 9 or over the 
neutralized acid mixture is discharged 
to the settling pond and another batch 
is started. If the pH is under 9.0 
more lime is added and the agitation is 
continued until the pH is 9.0 or over. 
An operator ean process five batches 
per 8-hr. day. , 

Lime required per batch will vary 
from as little as 100 to 200 lb. to as 
much as 3,500 Ib., depending on the 
concentration of acid and iron in the 
waste being treated. In the operation 
described, dolomitic hydrated lime is 
used beeause it is found to be uniformly 
fine consistent. Consequently, 
maintenance costs of handling equip- 
ment and pumps are fairly low. It 
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FIGURE 1.—Layout of acid iron wastes neutralization plant. 


has been found that in using approxi- 
mately 5,000 gal. of waste acid per 
batch, 650 |b. of lime are required for 
each per cent of iron plus acid. It has 
found also that about a ton of 
lime must be purchased for each ton 
of acid bought. 

When 1,000 lb. or more of lime are 
required for a given batch of waste acid 
a colloidal activator is used with the 
lime. Much more consistent results 
are obtained by using 1 |b. of activator 
per 800 |b. of lime than by using lime 
alone. 


been 


Although this equipment and method 
of disposal is satisfactory, it is ex- 
pected that the next few years will 
yield developments that will improve 
the method and minimize some of the 
more serious problems connected with 
it. One of these is the elimination of 
the sludge pond. A continuous filter 
or centrifuge to separate the sludge 
from the liquid, so that the sludge can 
be transported to a suitable place in a 
railroad car, will be a big step in mak- 
ing waste acid neutralization less of a 
problem to most steel plants. 
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Superintendent, Chemical Engineering Dept., 


Inorganic acid wastes are one of the 
more common industrial wastes. The 
report of the Ohio River Committee 


1) lists the acid wastes of the states 


of Kentuel ind Tennessee at 237,225 


and 131,038 tons per year, respectively 
the figures representing CaCO, equiva 
lent tons. The total load to the streams 
of the Ohio River basin is estimated at 
1.564.000 tons equivalent, and 
the principal source is coal mines 

The acid waste treatment activities 
described herein are selected from some 
experiences of the Tennessee Copy 
Company, at Copperhiil, Tenn 
acid wastes have their origin in t 
operations associated with the ‘arge 
scale manufacture of sulfurte acid from 
the heavy sulfide ores mined in this 
area, known as the Ducktown Basin 
The operations include the mining of 
the ore, its treatment by flotation for 
the separation and concentration of its 
mineral content, the roasting and sin 
tering of the iron sulfide mineral to 
produce iron sinter product and SO 
vas for the acid plants, and the produce 
tion of sulfuric acid from the SO, gas 
In each of these multiple operations 
there are problems of waste disposal 
and treatment, and becaust of the sul 
fur content of the materials handled 
the wastes are of an acid characte 
The wastes discharged from these oper 
ations are neutralized with ground 


dolomitic limestone, the neutralized 


effluents being discharged into three 


ereeks emptying into the Ocoee River 


which in turn empties into the Tennes 


* Presented at 1949 Annua Meeting, Ken 
tucky-Tennessee Industrial Wastes and Sew 
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By Epwarp M. Jones 


Tennessee Copper Co., Copperhill, Tenn. 


see River about 40 mi. below Copper- 
hill. The situation is a general one 
with similar plants producing sulfuric 
acid by the so-called metallurgical-type 
acid process. The first installation of a 
specifie neutralizing plant for the 
Tennessee Copper Company's opera- 
tion was constructed in 1916. 

In recent years, beginning just be 
fore World War II, a number of major 
changes have taken place. Production 
of the major products has greatly in- 
creased and the increase in acid produe- 
tion has been by the contact process, 
due to changed market demands. The 
contact process of the metallurgical 
type creates more acid wastes than the 
older chamber plant process. These 
changes have thus made acid waste 
treatment a major problem. Waste 
treatment practices of the past have 
been continued with few changes until 
very recent years and have been un- 
suitable from both the standpoint of 
stream pollution control and economy. 


Research Program 

Consequently, a definite program of 
research and investigation was started 
in 1943 to provide a solution for the 
whole problem. The program was, at 
the start, necessarily aimed at the cor- 
rection of the most obvious waste 
sources 

For this problem, as for any other 
industrial waste, there were three main 
lines of attack: 

1. Elimination or reduction of waste 


2. Recovery or utilization. 


4. Treatment or, in this ease, neu- 
tra ization 


Some suecess has been achieved in all 
three lines. 
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A great deal has been accomplished 
in the way of reduction of wastes. One 
development is particularly outstand- 
ing. In the standard practice of roast- 
ing sulfide ores, some 5 to 7 per cent 
of the sulfur burned off is converted 
into SO,, which is necessarily lost as 
weak acid in serubbing and cleaning 
the gas. This constituted one of the 
major sources of acid waste. As the 
result of considerable research and ex- 
perimentation a majer modification of 
the conventional roaster was devised 
and put into operation, and with this 
improvement the SO, loss has been 
reduced to 2 per cent. There is reason 
for belief that it may be reduced be- 
low this. This development, along with 
others not so outstanding, has enabled 
us to maintain our over-all loss of sul- 
fur in waste effluents slightly over the 
prewar level, while at the same time 
the production level has nearly doubled, 

The cases of waste reduction aceom- 
plished simply by locating them and 
bringing them to someone’s attention 
for remedy are not recounted. It is 
so easy and natural for operating per- 
sonnel, who are interested in the pro- 
duction angle, to take the attitude that 
another little waste will make no differ- 
ence. 

It has been the objective of this re- 
search program to arrive at a compre- 
hensive plan for the reduction of wastes 
and an efficient and economical treat- 
ment plant. 


Wastes Surveys 

Over-all surveys have been made at 
various times, and have been followed 
by detailed investigations of the indi- 
vidual sources. The data obtained in- 
cluded flow rates, chemical composition, 
acid concentration, and temperatures, 
along with a study of the operation re- 
sponsible for the waste. Such investi- 
gations covered enough time to find 
the variations and establish maximum 
and minimum rates. 

Little success has been achieved 
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along the line of utilization of the acid 
wastes. Unfortunately for the case 
of waste recovery, sulfuric acid is a 
low-price commodity and little can be 
done with wastes containing generally 
less than 1 per cent H,SO,. In two 
eases it was possible to find a use for 
a portion of a very minor effluent con- 
taining 1.5 per cent H,SO,. 

In the gas cleaning system of the 
eontact plants there are waste effluents 
containing appreciable quantities of 
dissolved sulfur dioxide (SO,). This 
gas. when dissolved in water, consti- 
tutes sulfurous acid; a weak acid, but 
a very difficult one to deal with. It 
undergoes rather rapid oxidation to sul- 
furie acid. At one of the plants, a 
stripping tower was built to recover 
this dissolved gas. The tower was built 
without too much known about the 
process involved, but in 1948 a de- 
tailed study was made of the process 
and tower performance. From this 
data a new tower is being designed to 
remove the SO, from this effluent and 
recover it in a usable condition. 

The two general solutions of the 
problem—elimination and reecovery-— 
offer the most advantageous means for 
waste treatment, in that they offer op- 
portunities for some economic returns, 
and give the most satisfactory answer 
to waste control. However, a large per- 
centage of the total waste remains to 
be treated and it is in this third line 
of endeavor that the most immediate 
interest undoubtedly lies. 


Neutralization 

A study was made of the possibilities 
of using various available neutralizing 
agents, both as to their effectiveness 
and ultimate cost. For obvious cost 
considerations, the materials tested 
were limited to burned or hydrated 
limes and limestones. There was no 
question that the use of some form of 
quicklime would constitute an effective 
and satisfactory neutralizing material, 
but if used exclusively, would be pro- 


| 
| 
H 
as 
=| 
THe 
| 
i 
| 
4 
| 
© 
. | 


SEWAGE AND 


226 


hibitive from a cost standpoint. The 
tested both high- 


caleium and dolomitte types available 


limestones were of 
within a reasonable freight distance in 
Tennessee and Georgia 


Phe re 


tive rt of 


sults obtained as to the rela 
high-caleium and 


dolomitiec limestone were in ceneral 
agreement with data reported by Hoak, 
ind Hodge (2) 
4), in that the dolomite is slower than 


the high 


acid 


Lewis, and by Jacobs 
calcium type in reacting with 
There were exceptions to this, 

found that 
some of the high-caleium 
It was concluded that the 
magnesium content was not a definite 


as one dolomite was was 
superior to 
limestones 
indieation of lack of reactivity, it being 
evident that the crystal structure had 
a marked effect in this respect 
The limestone finally selected 


tains 54 calcium 


Con 


per cent carbonate 
and 37 per cent magnesium carbonate 
the 


S>-mesh screen, with approximately 40 


As received material will pass a 


per cent being retained on a 200 mesh 


screen The comparisons as to reac 


tivitv referred to above were made on 


similar screen sizes 


More r 


of various factors involved in the rate 


tly u study has been made 
f reaction between sulfuric acid and 


limestone, for the purpose of design 
ing a neutralizing plant that will per 
The factors invest 


of acid, 


form as required 


vated were strength sereen 


of the limestone, reaction temperature 
and the effect of various excess per 

ntages of limestone \dditional work 
m the effects of iron salts and dis 
sol iSO) has not been completed 


\s to the effeet of acid strength in 
the range from 100 to 5,000 p.p.m., the 
acid 
hour, was found to be 


rate of reaction, as pounds of 
neutralized per 
proporti nal to the concentration of 
It was therefore advantageous to 
use undiluted effluents to achieve rapid 


limeston At 


hs somewhat above 5,000 p.p.m 


nption Oo the 


ilcium sulfate can form and 
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stone so that the reaction is inhibited. 
For this reason, dolomitic limestone can 
be more effective than high-calcium 
limestone in the higher acid concentra- 
tions. 

For these tests 1-1 samples were used 
of acid solutions of different strengths, 
to which was added the exact equiva 
lent of limestone, as determined by its 
ultimate neutralizing The re- 
action was allowed to proceed in a con 
stant temperature bath, and all sam 
ples were stirred at the same rate and 
with duplicate stirring mechanisms. 
Readings were taken with a pH meter 
throughout the period of reaction and 
small samples were periodically with 
drawn by pipette, rapidly filtered, and 
titrated for acidity to pH 7.0. The 
limestone used was the standard lime- 
200-mesh 


value 


stone sereened to pass a 


screen. 
Particle Size and Te m pe rature 


For the study of the effect of par 
ticle size, the limestone was carefully 
screened and the fractions retained on 
the 200, 270, 325, 400, and the minus 
100 with a 
sample of the unscreened limestone as 
The acid neutralizing value 
of each fraction was determined, and 
these 
identical 
quantities and concentrations of aeid. 

A very low found for 
the plus-200-mesh material. The un 
screened material had the next highe: 


sereens were used, along 


received 


equivalent weights based on 


values were reacted with 


rate was 


rate, and the finer sizes had consider 
ably higher rates. For the fine sizes, 
the rates did not all correspond with 
fineness. ‘This was interpreted to mean 
that there was a difference in structure 
of the erystals in the different sizes, 
evidently related to the phenomenon 
of eritieal particle sizes referred to by 
Hoak, Lewis, and Hodge (2 

Starting with the assumption that 
the rate of reaction was directly pro 
portional to the strength of acid and 
to the area of the limestone particles 
in contact with acid, a differential equa- 
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tion was set up expressing this rela- 
tionship, and a plot of the experimental 
results was compared to the integrated 
form of the equation. A fair correla- 
tion was obtained on individual par- 
ticle sizes, but poor correlation was 
secured between different particle 
sizes. 

Translating this information on the 
effect of particle size into practice a 
wet ball mill has been installed at the 
Copperhill plant to reduce further the 
particle size of the limestone used so 
that 95 per cent will pass a 200-mesh 
screen. Improved neutralization has 
resulted. A second installation at the 
Isabella plant has been approved for 
installation. There is a further ad- 
vantage to the finer particle size in that 
it remains in suspension much more 
readily in the present neutralizing 
equipment (tanks and flumes). 

To evaluate the effect of temperature, 
similar tests were made, but with vary- 
ing temperatures from 100° to 140° F., 
covering the range expected in acid 
effluents. There was a decided increase 
in the rate of reaction at the higher 
temperature, as would be expected. 

The use of excess limestone ma- 
terially improved the reaction rate, 
particularly as the reaction approached 
neutrality. It is, in fact, impossible to 
obtain complete neutralization with 
only the theoretical quantity of lime- 


stone. 


1. Report of the Ohio River Committee, House 
Document No. 266 (1944). 

Hoak, R. D., Lewis, C. J., and Hodge, 

W. W., ‘‘ Treatment of Pickle Liquors 
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References 


The work on the effects of dissolved 
SO, and iron salts is not completed, 
but it ean be stated that SO, shows 
practically a zero reaction rate with 
limestone, and is neutralized only after 
it has been oxidized to sulfurie acid. 
The effect of iron is to slow up the re- 
action as measured by the pH. 

The over-all conclusion this 
study is that the waste effluents can be 
satisfactorily neutralized with the 
dolomitic limestone in 1.25 hr. reaction 
time. 


Further Studies 


There remains one further possible 
modification of the limestone treatment 
that has received some study—the pos- 
sibility of a finishing treatment with 
burned lime. The treatment offers sev- 
eral advantages in decreased time of 
neutralization and in the simplicity of 
control, but has the great disadvan- 
tages of double treatment and higher 
cost material for neutralization. The 
final conclusion on this can be made 
only the basis of further experience 
and a thorough consideration of the 
economics involved. 

The information outlined above was 
secured for the specifie purpose of de- 
signing neutralizing equipment to re- 
place the miscellaneous and inefficient 
apparatus now in use, and to provide 
centralized operation at each of the 
two plant locations. 


Ind. and 


with Limestone and Lime.’ 
Eng. Chem., 37, 553 (1945). 

3. Jacobs, H. L., ‘‘Acid Neutralization.’’ 
Chem, Eng. Prog., 43, 247 (1947). 
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TREATMENT OF CYANIDE WASTES FROM THE 
ELECTROPLATING INDUSTRY * 


By ARTHUR 


Sanitary Engineer, Michigan Water 


Abatement of stream pollution on a 
local is 
attracting increasing attention, both of 
the general public and industry alike. 


national as well as a basis 


Seldom ean one pick up a newspaper 
or magazine without seeing articles on 
pollution pollution con- 
trol. It has often been said that much 
of the adverse publicity would not be 
forthcoming if 


problems or 


it were not for the un 
usual instances that occur, such as odor 
fish ete At the 
same time, nothing so obviously indi 


nuisances killings, 
cates the necessity for pollution con 
trol 

Although these ‘‘ unusual instances”’ 
cannot be attributed to any one par 
ticular type or source of waste, a look 
at the record will show that some types 
of wastes do offend often than 
others. For instance, in a 3-vear pe 
riod prior to December, 1948, there are 
on record in the files of the Michigan 
Water 56 in- 
stances where extensive fish mortality 
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evanide 
10 cases the cause was 
and industrial 
and in 9 eases the eause was un- 


suspected 
attributed sewage 
wastes 
determined. From that point, the sum 
To or 4 cases for 
Therefore, of the 47 
cause was definitely 
half 
cvanide wastes 

the destruction of 
evanide wastes have fre 


lown 


cases where 


determined, almost 


19 per cent 
were tra ie to 
lition to 


aquatic life 
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quently menaced public and private 
water supplies, and agricultural inter- 
ests have been damaged by loss of live- 
stock after drinking from cyanide- 
bearing Where the 
enter municipal sewage plants 
treatment been im- 
paired, thereby an inferior 
quality of effluent and indirectly bring- 
ing about additional pollution 


streams wastes 
the 
processes have 


causing 


Toxicity of Cyanide 

Free cyanide is one of the most toxic 
substances found in industrial effluents 
Several investigations have been made 
in an effort to determine its effect on 
fish life. but the results of these in- 
vestigations are not always in agree- 
ment, mostly because the effect 
variable (such 


of 
several factors as dis- 
solved oxygen, temperature, pH, and 
the presence or absence of other ions 
in the test solutions) have been over 
looked. From the available data it 
appears that 0.1 p.p.m. eyanide as CN 
generally would be fatal to fish, al- 
though under certain conditions this 
limit may be reduced to little as 
0.05 p.p.m. (1 An average of 60 mg. 
is generally fatal to animals and hu 
mans. 

Although cyanide exerts a toxic ef 
fect on sewage purification processes, 


as 


it appears that higher concentrations 
of cyanide are permissible in sewage 
plants than in streams. It is not likely 
that eyanide would cause any difficulty 
in a sewage plant utilizing sedimenta- 
tion and sludge incineration, although 
there would undoubtedly be an in- 
crease in the chlorine demand of the 
On the other hand, 


sewage where 
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sludge digestion is substituted for in- 
cineration considerable difficulty may 
be experienced. Ridenour (2), in ex- 
periments conducted at the University 
of Michigan, studied the effect of 
sodium cyanide on sludge digestion 
and concluded that initial charges of 
3.0 p._p.m. NaCN exerted a toxie effect, 
but ‘‘acclimatization’’ of the digesting 
sludges allowed greatly increased doses 
(up to 30 p.p.m. over a 30-day period) 
without seriously impairing the volume 
or quality of gas production as meas- 
ured by CO, and H,.S production. 

Eldridge (3) reports that the addi- 
tion of 25 p.p.m. KCN to sewage sludge 
had little effect on digestion, whereas 
the addition of 50 to 100 p.p.m. ex- 
erted an inhibiting effect for several 
days. These experiments were made 
batch-wise and no conclusions can be 
drawn as to the effect of continuows 
evanide application. 

It should be pointed out that these 
experiments were made with pure 
simple cyanides, and that plating 
wastes, in addition to their evanide 
content, will contain varying quantities 
of metals, many of which are inhibitors 
in the digestion of sewage sludge. 

If a cyanide waste is to be discharged 
to a treatment plant employing bio- 
logical processes it is generally advis- 
able to maintain the CN concentration 
below 1 to 2 p.p.m. Ridenour (4) re- 
ports that 2 to 3 p.p.m. NaCN exerts 
an inhibiting effect on nitrification in 
the activated sludge process, although 
nitrification was not completely de- 
stroyed with waste additions up to 40 
p.p.m. In all cases the process re- 
turned to normal two days after the 
additions of waste were stopped. 

Trickling filters hkewise have a low 
tolerance for cyanide, althongh it has 
been demonstrated that trickling filters 
can become acclimatized to high con- 
centrations of cyanide and that when 
acclimatized are capable of producing 
a satisfactory effluent from the stand- 
point of both CN and B.O.D. reduction. 
However, because filters require con- 
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siderable time to become acclimatized 
it does not appear wise to rely on this 
property in considering what concen- 
tration of cyanide can be permitted in 
a treatment plant (5). Both types of 
biological treatment are sensitive to 
slight changes in CN concentration and 
any sudden surges of strong cyanide 
may result in a complete collapse of 
the treatment system. 


Sources of Waste 


Cyanide compounds are among the 
most widely used industrial chemicais 
and are a constituent of many indus- 
trial wastes. However, there are seven 
processes which are the sources of most 
of the cyanide wastes causing serious 
stream pollution and creating prob- 
lems in sewage plant operation. These 
processes are : 

1. The plating of metals. 

2. Case hardening of steel. 

3. Neutralization of acid pickle 
scum. 

4. The refining of gold and silver 
ores. 

5. The scrubbing of blast furnace 
and producer gas furnace gases. 

6. Coke ovens. 

7. Surface cleaning of various met- 
als. 


Because of the primary interest in 
wastes from the metal plating in- 
dustry, and because the case harden- 
ing of steel is sometimes closely allied 
with metal plating—often both proc- 
esses are done in the same plant—-a 
brief description of both processes fol- 
lows. 


Plating of Metals 


Metal plating is essentially an elee- 
trochemical process by which an article 
fabricated of some common base metal 
can be coated with another tightly ad- 
herent metal that possesses certain de- 
sirable physical or chemical character- 
istics (6). Metals commonly used for 
plating are copper, chromium, zine, 
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cadmium, nickel, and the precious 


The usual plating room contains a 
series of vats in which are cleaning 
plating, and washing solutions. The 
metal parts to be plated are moved 


from one vat to another either indi 


dually or on racks containing a num 
ber of part The movement of work 
from one it to another may be either 
by hand or by automatic conveyors 


The operations in a typical plating 


process may include any or all of the 


1. Devreasine with organie solvents 
Seale removal by pickling in a 


Klectrolvtie cleaning 
| Plat ny operations 


>. Water rinses where necessary 


Wastes from the plating room aris 
from two sources: First, a eontinuous 
waste consisting of the overflows from 
the hot or cold rinse waters following 
the various operations; and second, t} 


intermittent wastes or bateh dumps ot 


coneentrated solutions 
The eontir us waste discharges will 
be found to contain varving amounts 


of all the solutions used in the plat ns 
process, tl amount of polluting ma 
terials or ‘‘drawout’’ de pending on the 


volume of rinse water used. the me 


chanics of the plating operation, and 
the tv] d amount of work being 
plated. Rinse waters have been known 
to contain as hiel p.p.m. eva 
le althoueh others have 
been found that contain as little as 1 

Thi termittent wastes have been 
found to be the most mportant cause 
or yp lution se wastes consist of 
the routu bateh dumps of spent 
spoiled, obsolete, or otherwise unusabl 
baths us n the surface preparation 
and platir f the metals. Sometimes 
these dumps mav be the result of aeei 


dent rather than an operational rou 


tine. Generally, the expense of re 
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placing electrolytes is great enough so 
that considerable effort is made to re- 
store them to use by filtering out im- 
purities and then bringing the bath 
back to normal strength by addition 
of the proper chemicals. However, in 
all too many cases these baths are dis- 
charged to the sewer without any pre 


cautionary measures 


, 
Case Hardening of Steel 


The process of heat treating steel by 
evanide consists of immersing the part 
in a molten salt bath high in sodium 
evanide content for a predetermined 
period of time. After removal from 
the molten bath the work is quenched 
in either oil or a running water rinse 
The evanide content of these rinse wa 
ters will run as high as 50 to 100 p.p.m 
as free evanide. 

In addition to the quench waters, 
there is also a problem of disposing of 
the spent salts. The practice sometimes 
emploved of hauling the ash to a dump 
should be discontinued, as it becomes 
recessible to humans or animals and 
may leach into the ground water or 
nearby streams. Treatment of wastes 
from the heat-treating process is easier 
than the treatment of plating wastes 
because only simple evanides are pres 
ent 


Waste Control Measures 


In attempting to solve a particular 
pollution problem one of the first steps 
should be a study to determine the 
amounts and variations in concentra 
tion and volume of waste leaving the 
plant each day. The necessary data 
ean easily be obtained by the installa 
tion of weirs or other flow measuring 
devices, along with a continuous sam 
pling mechanism that will take a small 
sample every few minutes throughout 
the work period. Laboratory analyses 
of the composited sample will then de 
termine the amount of materials being 
lost to the plant sewer 

If laboratory analyses indicate ex 
‘essive quantities of plating solutions 
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are being lost, a concerted effort should 
be made to reduce the amount by mak- 
ing simple changes in operating tech 
niques. For instance, a good reclaim 
program will do more to reduce a pol- 
lution problem than any other single 
measure. The substitution of a dip 
tank for a rinse immediately following 
the plating bath will markedly reduce 
the amount of electrolyte being lost to 
the sewer by dragout, the solution so 
collected being utilized by return to 
the bath for make-up. In some sys- 
tems, especially those where evapora- 
tion losses are low or where dragin is 
equal to dragout, it is obviously more 
difficult to operate a dip reclaim. In 
these cases one of two steps can be 
taken: (1) the amount of dragin can 
be reduced by vibrating the work or 
by use of an air blow-off; or (2) the 
reclaimed solution can be partially 
evaporated in special evaporators. 

Another procedure that will serve 
not only to simplify a pollution prob- 
lem, but also to eliminate the possi- 
bility of high concentrations of plating 
solutions getting into the sewer, is to 
maintain a separation of the weak 
wastes from the strong wastes by con- 
structing separate drainage systems for 
each. The drainage system for the 
weak wash and rinse waters would con- 
sist of a system of piping connected 
only to those tanks from which dilute 
rinse waters flow. In some cases these 
dilute wastes could be discharged with- 
out treatment or be given a simpler 
treatment than a mixture of the strong 
wastes would require. 

The drainage system for the strong 
wastes would consist of a system of 
floor drains, so located as to serve each 
tank containing concentrated solutions. 
Tanks, piping, and filtering equipment 
should be surrounded by adequate 
eurbing to catch all spills, breaks, or 
other unavoidable accidents that would 
permit the sudden release of large 
quantities of solution. The floor drains 
should in no way be connected to the 
regular sewer system, but instead 
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should be connected to a sump or 
holding tank of a capacity equal to 
114 times the combined capacity of the 
tanks within the curbed area. Dis- 
posal or treatment of any accumulated 
wastes should be under the direct su- 
pervision of a responsible employee 
designated by the management. 

The advantages of a good waste con 
trol program, as differentiated from a 
waste treatment program, cannot be 
too strongly emphasized. Examples 
have been found in many industries 
where waste control has eliminated the 
need for waste treatment, or at least 
has materially reduced the extent to 
which it must be carried. It is, there- 
fore, sound practice to explore and 
apply every advantage of control in 
the solution of a problem 


Disposal of Cyanide Wastes 
Disposal by Dilution 


Perhaps the simplest method for the 
disposal of plating wastes is to dump 
them into the nearest stream. There 
are few platers who have not at some 
time or other, either of necessity or by 
accident, disposed of large batches of 
plating solutions in this manner. In 
the past, the disposal of concentrated 
baths by dilution has been grossly 
abused, usually because there has been 
a lack of understanding or a failure 
to recognize the limitations that the 
method offers. For example, the dis 
posal of 5,000 gal. of a spoiled plating 
solution containing 3 oz. per gal. 
NaCN would require 600 m.g. of di- 
luting water (120,000 gal. of dilution 
water per gallon of solution) to reduce 
the CN concentration to a value that 
could be tolerated by fish life.  <Al- 
though the receiving stream might 
furnish such volumes, proper control 
would have to be maintained at all 
times to prevent local high concentra- 
tions—and such control is not easy to 
insure. Other factors, such as the con- 
dition of the stream in respect to pH, 
temperature, dissolved oxygen, and the 
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degree of upstream regulation, further 
complicate this method of disposal. In 
short, dilution can only be considered 
a satisfactory method for disposing of 
this highly toxic waste under excep 
tional circumstances 


Disposal by Ponding 


Where ample land is available, the 
use of impounding reservoirs appears 
to be the cheapest and simplest method 
of plating waste disposal. Such ponds 
should be constructed with no overflow 
to a stream, and should receive only 
the concentrated wastes and first 
rinses. Also, they should be of ade 
quate capacity so that the losses 
through seepage and evaporation are 
either equal to or greater than the 
amount of inflow, and must be situated 
away from any sources of water sup 
ply. Seepage into the ground presents 
a definite hazard, through pollution of 
vround water, that must not be over 
looked where this method is to be used 
Such ponds must also be protected to 
prevent access by either humans or an) 
mals 

The chemical changes by which cya 
nide is reduced in a pond system art 
not thoroughly understood, although 
several explanations have been offered 
In the absence of acid conditions it ap 
pears likely that the main reaction de 
pends on the absorption of earbon d 


oxide from the atmosphere to convert 
the cyanide to HCN, which in turn is 
viven off as a gas. There is also the 
possibility of various oxidation and 
hydrolysis reactions, but these reac 
tions are considered to be of minor im 
portance 7) 

The rate of cyanide reduction of an 
impounded waste depends to a consid 
erable extent on the pH of the wastes, 
the depth of liquid within the ponds, 
the temperature, and the air pressuré 
Loss of cyanide from alkaline wastes 
is very slow, whereas in slightly acid 
solutions the loss is reasonably rapid 
Wise (8) reports that with a pond 
depth of 2 ft.. a waste of pH 3.0 and 
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containing 100 p.p.m. cyanide was re- 
duced to 5 p.p.m. in 48 hours 

Disadvantages in the use of ponds 
for cyanide waste disposal are: The 
large areas of land needed in order to 
handle large volumes of waste; the 
risk of polluting ground waters; and 
the danger of dike breaks. On the 
other hand, the method offers the ad 
vantages of simplicity and cheapness 
of operation, providing the land is 
available 

At best, ponding is only the next step 
better than discharge direct to a 
stream, and should be considered only 
as a temporary measure pending more 
positive means of control 


Treatment of Cyanide Wastes 


In the last 35 or 40 years several 
ingenious methods have been developed 
for the recovery or destruction of ceva 
nide from industrial process wastes 
In the early vears attention mostly was 
given to the recovery of evanide from 
mining or gas works wastes; many 
patents covering these processes have 
been granted both in the U. S. and 
other countries. In an ideal waste 
treatment system the recovery of by 
products at a profit is a distinct eco 
nomic advantage However, not all 
evanide-bearing wastes are of such 
nature as to make recovery profitable. 
and at the present time it appears that 
electroplating wastes fall into this 
classification 

Some work has been done toward the 
recovery of metals, especially the 
precious metals, but generally speak 
ing, the recovery of cyanide does not 
appear to be economical Further- 
more, few of the cyanide recovery proc- 
esses produce an effluent that would 
provide acceptable pollution control, 
and with increasing attention being 
focused on stream pollution, recent ef 
forts in the field of plating waste treat 
ment have been directed toward the 
destruction of the cyanide ion, thereby 
permitting the resulting effluent to be 
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discharged to a water course or sewage 
system without detrimental effect. 

In this paper no attempt has been 
made to classify or evaluate all known 
methods of cyanide waste treatment, 
but only to present those methods most 
commonly used or available to the in- 
dustry. 


Treatment with Sulfuric Acid 


The conversion of eyanide to the 
volatile HCN gas through the use of 
sulfuric acid has proved to be an effee- 
tive means of treatment. The facilities 
required consist of an air-tight holding 
tank, lead or rubber lined or otherwise 
treated to prevent corrosion, and 
equipped with a vent stack and air 
blower. In practice, the spent solutions 
are collected in the tank, sulfuric acid 
is added to reduce the pH below 4.0, 
and the contents are agitated by blow- 
ing air through the solution. 
times steam is used to hasten the re- 
action. The soluble cyanide is volatil- 
ized to hydrogen cyanide, which is 
blown to the atmosphere through the 
vent stack. <A sludge containing the 
insoluble cyanides precipitates in the 
bottom of the tank, and the super- 
natant liquor is bled slowly to the 
receiving stream or outlet. The method 
is applicable to both the strong rinses 
and the concentrated batch dumps. 

Two plants in Michigan—namely, 
the Chevrolet Division of the General 
Motors Corporation at Flint, and the 
Kaiser-Fraser Corporation at Willow 
Run—have successfully operated in- 
stallations using this method for a num- 
ber of years. The Chevrolet installa- 
tion consisted of a rubber-lined tank 
of 4,600-gal. capacity, fitted with an 
air-tight cover and a 60-ft. stack with 
blower. Acid was added from a hopper 
and distributed through the tank in a 
perforated lead pipe. Operations at 
this plant consistently reduced concen- 
trated copper cyanide plating solutions 
to 1.0 p.p.m. CN, or less (9). Although 
a solution of this strength would be 
toxie to fish if undiluted, only minor 
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precautions would be necessary in dis- 
charging the waste to a stream. 

The amount of acid required to react 
with any given plating solution will 
depend on the alkalinity of the solution 
and the cyanide content. To determine 
the amount necessary, Eldridge (10) 
suggests adding 10 per cent excess to 
the theoretical amount required to neu- 
tralize the alkalinity as CaCO, and 
react with the cyanide as KCN. No 
equation is given for determining the 
theoretical amount. Probably a sim- 
pler method of control would be to add 
enough acid to maintain the solution 
under pH 4.0. 

The exact chemical changes that take 
place during the acid treatment of a 
cyanide waste are usually complicated 
and will vary considerably, depending 
on the presence or absence of certain 
ions. The important point to note is 
that not all of the cyanide in a plating 
solution is released as HCN by acid 
treatment. 

In the past, considerable attention 
has been given to the danger resulting 
from the venting of HCN gas to the 
atmosphere, especially in populated 
areas. Ilowever, the danger from this 
source appears to be more imaginary 
than real. According to standards 
adopted by the Industrial Health Di- 
vision of the Michigan Department of 
Health, the maximum allowable con- 
centration of HCN in air for an &-hr. 
working day is 10 p.p.m., although that 
of chlorine is given as 2 p.p.m. This 
does not imply that one should be care 
less with HCN, but merely emphasizes 
the point that chlorine, a common gas 
handled daily in most waterworks and 
sewage plants, is five times more toxic 
than HCN, 


Alkaline-Chiorination 


The oxidation of cyanide to cyanate, 
carbon dioxide, and nitrogen ,com- 
pounds under alkaline pH conditions 
is a method of treatment that has re 
cently come into widespread use. The 
method is applicable to both concen- 
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trated baths and dilute rinse waters, 
and can be designed to operate on 
either a continuous flow or batch basis. 

Many oxidizing agents (such as 
‘hlorine gas, hypochlorites, and bleach 
ing powder) have been successfully 
used in the process, but the usefulness 
of bleaching powder and hypochlorites 
appears to be limited to small opera- 


tions Bleaching powder was found to 


produce excessive quantities of sludge 
In addition, it presented mechanical 
difficulties in handling and mixing the 
large quantities of powder required 
for treating comparatively small vol 
umes of waste (11 The use of hypo- 
chlorites somewhat reduees the magni 
tude of these diffieulties. but it is con 


side 


more expensive. On the 
other hand, chlorine gas is cheap, read 
ily available, clean, and easy to handle 
and apply 

The chemical reaction that takes 
place when chlorine is added to an 
alkali-cyanide solution of pH 8.5 is al 
most instantaneous and results in the 
formation of eyvanates, chlorides, and 
water according to the following re 
action 


NaCN + 2 NaOH + Cl, ~ NaCNO 


2 NaCl + H,O 


Theoretically it requires 2.73 parts of 
ehlorine and 3.08 parts of caustie per 
part of evanide, although in actual 
practice it mav require more chlorine 
and less caustic depending on the eom- 
position of the waste 

Further oxidation of the evanate to 
arbon dioxide and nitrogen com 
pounds will occur if chlorine is added 
beyond the amount required for the 


first stave of the reaction. as follows 


2 NaCNnO 1 NaOH + 3 Cl,—-2 CO 

6 NaCl N, + 2 H.O 
About twice as much ehlorine is re 
quired for complete oxidation as is used 


in the first reaction (12 
At the high pH of this treatment 


method the metals present are precipi 


tated as oxides, hydroxides, and car- 
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bonates. In plants using large quanti- 
ties of metals, recovery may be feasible. 

Maintenance of the solution to be 
treated at pH 8.5 or above is abso- 
lutely necessary for successful opera 
tion of this system. Failure to do so 
results in the formation of poisonous 
eyanogen chloride and nitrogen tri- 
chloride 

The design of a treatment plant for 
the oxidation of eyanide by chlorina 
tion will vary with each plant, depend- 
ing on such factors as the volume and 
concentration of the wastes and the 
degree of variation of the volume and 
concentration. In any case, the separa 
tion of acid wastes from the caustic and 
evanide wastes is a requisite. 

For a small batch treatment plant. 
the equipment and structures needed 
would inelude a holding tank of ade 
quate capacity to hold one day's flow, 
and equipped with a mixing mecha 
nism; provision for the addition of 
either dry or liquid caustic; and a 
chlorinator from which a controlled 
amount of chlorine can be added. An 
installation designed on these general 
principles has recently been completed 
at the Kirsch Company plant at Stur 
gis, Mich 

In a plant designed to operate on a 
continuous flow basis it would be desir- 
able to further separate the strong 
eaustiec and evanide solutions from the 
weaker rinse waters, and to provide a 
holding tank equipped with a propor 
tioning pump by which the strong 
wastes could be added to the weaker 
waste flow. By so doing, the fluetua 
tion in waste concentrations can be 
materially reduced, thereby facilitating 
plant operation. Alkali, in either dry 
or liquid form, can be added to the 
combined wastes with the rate of feed 
controlled by an automatie pH mech 
anism, the electrodes of which should 
be located beyond the point of chlori 
nation. The chlorine feed may be 
either manual or automatie depending 
on the variation in the volume and econ 
‘entration of the waste. If the evanide 
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is to be completely oxidized (to CO, 
and N, compounds) it would be neces- 
sary to add additional tank capacity 
to permit the reaction to be completed 
about one hour). 

Studies to determine the effect of 
alkaline-chlorinated plating solutions 
on sewage purification processes have 
recently been completed. These data 
indicate that although the treated 
wastes will exert a toxic effect on 
anaerobic sludge digestion and the acti- 
vated sludge process, the concentrations 
necessary are extremely out of propor- 
tion to probable occurrence (13). 

The toxicity of the treated solutions 
to fish life has been reported as being 
1/600 to 1/800 as toxic as the un- 
treated wastes. However failure to 
obtain lower toxicity values in these 
particular tests is believed due to the 
presence of sodium chloride, cyanates, 
and free chlorine in the treated soli- 
tions (14 


Electrolytic Oxidation 


The destruction of cyanide and the 
simultaneous plating out of some of 
the metals by the electrolysis of hot 
aqueous plating solutions is a method 
of treatment that has long been known 
to the industry, but has never gained 
widespread use. However, recent pub- 
licity given the method has created 
considerable interest. 

The method offers the advantages 
15) that: 


1. It will convert CN to CNO, 

2. Reclamation of metals is possible. 

}. No sludge disposal problem is cre- 
ated. 


4. The operator is using methods and 
equipment with which he is thoroughly 
familiar 

Disadvantages that are limiting fae- 
tors in the use of the method (7) are: 
1. It is applicable only to concen- 
trated solutions. 

2. Excessive time is required to re- 
duce cyanide to permissible limits. 

%. The eyanate content of an elec- 
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trolytically treated solution may be of 
toxic concentration and may require 
further treatment. 

4. It is difficult to find an electrode 
material that will give a reasonable life. 
(Several materials such as iron, lead, 
nickel, copper, steel, and graphite have 
been used, the choice of which depends 
on the solution to be treated.) 


In practice, electrolytic destruction 
of cyanide entails the application of 
conditions opposite to accepted plating 
practices, such as high temperatures, 
air agitation, use of insoluble elee- 
trodes, high current densities, and high 
anode to cathode ratio 

Although the method has been oe- 
casionally used by various firms, oper- 
ational data are relatively meager. 
Caldwell and Sperry (15) recently re- 
ported on the electrolytic oxidation of 
700 gal. of a copper cyanide plating 
solution having an initial concentration 
of 2.84 oz. per gal. total cyanide and 
2.10 oz. per gal. copper. The equip- 
ment used was that already available 
in the plating room. The following 
conditions were used for the test run: 


Tank size: 10 ft. by 2.5 ft. by 4.0 
ft. deep. 

Generator: 5,000 amp., 6 v. 

Electrode material: Steel 

Cathode area: 72 sq. ft. 

Anode area: 72 sq. !t. 

Agitation: By air hose, hourly. 

Cathode area per gallon solution: 0.1 
sq. ft. 

Anode area per gallon solution: 0.1 
sq. ft. 

Average current density: 35 amp. 
per sq. ft 


At the end of 18 hr. the copper con- 
tent had been reduced to zero and the 
cyanide content to about 1 oz. per gal. 
An additional 17 hr. was required for 
complete removal of the cyanide. On 
completion of the run, sulfurie acid 
was used to reduce the solution to pH 
6.5, thereby destroying the ecyanates 
and any minute amounts of cyanide 
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that might have been present. The 
solution was then dumped to the sewer 

The method holds definite promise 
for the destruction of strong plating 
those 


solutions, especially in 


where the treatment of the rinse waters 


cases 


is unnecessary 
Conversion of Cyanide to Thiocyanat: 


The use of calcium polysulfide, avail 
able commercially as common lime sul 
fur, for the conversion of cyanide to 
the less toxic thiocyanate is a method 
of treatment often recommended to the 
industry. In the 
process consists of the addition of an 
sulfur (70 per 
calcium polysulfide) and heating the 
nearly to the boiling point 
Early experimenters with the method 
reported that original concentrations 
of 20 to 1,000 p.p.m. NaCN in various 
waste solutions could be reduced to as 
little as 0.1 to 1.0 p p.m 16). 

Dosages required are 0.43 gal. of 
lime solution (29.75 per cent 
calcium polysulfide) or 1.84 Ib. of solid 
70 per cent calcium pol) 
per pound of sodium eyanide 


plating general, 


excess of lime cent 


solution 


sulfur 


lime sulfur 
sulfide 
present. Reaction time is given as 2 
hr. at room temperature, or 30 min 
at boiling temperature (11). 
However, more recent experiments 
indieate that the conversion of cyanide 
to thiocyanate is not always complete 
under the above conditions, with the re 
sult that the treated might 
still be highly toxie (17 Further 
more, the addition of acid will liberate 
not 
toxic in 


solution 


sulfide, which is only 
but itself 
Subsequent chlorination will also con 
vert the thiocyvanates to the highly toxic 
vases, hydrogen cyanide and cyanogen 
chloride 


hydrogen 


malo lorous, also 


Ferrous Salts and Lime 

The 
for the removal of cyanide from plat- 
a method of treat 
has been used abroad, but 


use of ferrous sulfate and lime 


ing room Wastes 18 
ment that 
has never gained widespread usage in 
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the United States. In this process an 
excess of ferrous sulfate is added after 
adding sufficient lime to maintain the 
solution between pH 7.5 and 10.5. In- 
soluble complex eyanides of iron are 
formed and are removed by sedimenta- 
tion. Southgate (18) reports eyanide 
removals to p-p.m, which 
makes the method useful for pretreat 
that 
charged to comparatively large vol- 
for further treatment. 
Reports from American investigators 


about 5 


ment of wastes are to be dis- 


imes of sewage 


are not in agreement as to the results 
method 
reports state that cyanide removals be- 
low 50 to 60 p.p.m 


although others claim 


obtainable with this Some 
are not possible, 
removals up to 


99 per cent from solutions originally 


containing 110 to 1,020 p.p.m. KCN 
3 19). Apparently there are sev- 
eral variable factors affecting the reac- 
tions involved that are not yet com- 


pletely understood 

Assuming the method to be capable 
of adequate cyanide removals, its use 
would still be limited by the following 
disadvantages 

1. Accurate 
quired 

2. Excessive quantities of sludge are 
produced. 

3. Discharge 
prohibited because of the 
colored effluent 
fate would be oxidized by oxygen in the 
stream ferric 
oxide. ) 


chemical control is re 


stream is 
strong highly 


direct to a 
Excess ferrous sul 


and precipitated as 
At the same time, the method offers the 
advantages of removing all metallic 
ions that might be present, and the 
chemicals used are fairly cheap. 

From the available data it appears 
that this method of treating cyanide 
wastes might be useful in small shops, 
or for the pretreatment of wastes that 
are to be discharged to municipal 
sewage systems for further treatment. 
lon Exchange 

Synthetic resin filters, such as those 
used for the demineralization or soften- 
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ing of water, have been tried experi- 
mentally on cyanide-bearing plating 
wastes. It is too early, however, to 
draw any definite conclusions as to the 
feasibility of the method. Further- 
more, it should be pointed out that ion 
exchange is actually not a method of 
treatment, but only a method of con- 
centrating wastes, which could then be 
treated by some known process, or pos- 
sibly recovered. 

Experimentally it has been shown 
that the removal of eyanide by anion 
exchangers alone is not possible, prob- 
ably due to the near equality of the 
ionic weights of the eyanide and the 
hydroxyl ions (20). However, by 
using a cation and anion exchanger in 
series, it is possible to materially re- 
duce the cyanide content of plating 
wastes. 

Further investigation of the ion ex- 
change method for reduction of eyanide 
wastes is necessary. 


Summary 


1. The uncontrolled discharges of un- 
treated cyanide-bearing wastes from 
the electroplating and_ heat-treating 
processes have frequently menaced 
publie water supplies, and resulted in 
damage to livestock, fish life, and muni- 
cipal sewage treatment plants. 

2. Several investigations have been 
made in an effort to determine the 
allowable cyanide concentrations in 
streams and sewage systems. It is 
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generally conceded that conceatrations 
exceeding 0.1 p.p.m. are harmful to 
fish and aquatic life, whereas the per- 
missible concentrations in sewage 
plants are in the order of 1 to 3 p.p.m. 

3. The plating waste disposal prob- 
lem is usually complicated by an ex- 
treme variation in volume and concen- 
tration of the wastes, not only between 
plants, but within certain plants. 
Simplification of a problem is made 
possible by waste segregation and a 
good waste control program 

4. Of the various methods of eyanide 
waste disposal, disposal by dilution has 
generally proved to offer inadequate 
protection. Ponding of eyvanide wastes 
may have limited application, but 
should be considered only as a tem- 
porary measure pending more positive 
means of control. 

5. Of the methods developed for 
treatment of cyanide wastes, acidifica- 
tion and aeration, or alkaline-chlorina- 
tion offer the most flexibility and are 
applicable to almost any case.  Elee- 
trolytie oxidation offers some advan- 
tages where it is necessary to treat 
concentrated wastes only. The use of 
ferrous salts and lime, or the lime-sul- 
fur process may find limited applica- 
tion for small plants or where the 
wastes are to be further treated in 
sewage treatment plants. The use of 
ion exchangers for the concentration of 
cyanide needs further investigation be- 
fore the method can be evaluated. 
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The Federation has entered into an 
agreement with University Microfilms, 
Ann Arbor, Mich., to make available to 


librari issues of SEWAGE AND INbUS 
Wastes (and Sewage Works Jour 
na in microfilm torm 
One t t pressing problems fac 
ail types ot libraries today is that of 
providu adequate space for a constant 
flood of publications Microfilm makes 
t possible to produce and distribute 
copies of periodical literature on the 
basis of the entire volume in a single roll, 
in editions of 30 or more, at a cost ap 
proximately equal to the cost of binding 
the same material in a conventional h 


brary binding. 


Under the plan, the library keeps the 
printed issues unbound and _ circulates 
them in that form for from two to three 
years, which corresponds to the period 
of greatest use. When the paper. copies 
begin to wear out or are not called for 
frequently, they are disposed of and the 
microfilm is substituted. 

Sales are restricted to those subscribing 
to the paper edition, and the film copy is 
only distributed at the end of the volume 
year. The positive microfilm is furnished 
on metal reels, suitably labeled. Inquiries 
concerning purchase should be directed 
to University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan. 
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Stream Pollution 


RECENTLY ENACTED FEDERAL WATER POLLUTION 
CONTROL LEGISLATION * 


By M. Le Bosqver, 


Sanitary Engineer Director, U. S. Public Health Service, Cincinnati, Ohio 


On June 30, 1948, the President 
signed Public Law 845, officially cited 
as the ‘‘ Water Pollution Control Act.” 
Since its enactment this Act has been 
discussed widely. Operating plans 
have been formulated. Appropriations 
of somewhat less than the full amount 
authorized have been approved, and 
this country’s first nation-wide water 
pollution control program is underway. 

Indications are, however, that certain 
phases of the legislation are not clearly 
understood in some eircles. The objec- 
tive of this discussion is to present a 
brief resume of the principal provisions 
of the Act, and to follow with a more 
detailed discussion of the comprehen- 
sive program, the financial provisions 
and regulatory features, the impact on 
and advantage to the states, interstate 
agencies, municipalities, and industries, 
and finally to outline recent activities. 

Administration of Public Law 845 is 
divided between the Public Health 
Service (PHS) of the Federal Security 
Agency and the former Federal Works 
Agency, now known as the General 
Services Administration (GSA). See- 
tion 1 of the Act declares it (a) ‘‘to be 
the policy of Congress to recognize, pre- 
serve and protect the primary responsi- 
bilities and rights of the states in con- 
trolling water pollution’’; (b) ‘“‘to 
support and aid technical research to 

* Presented at 23rd Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference; Cleveland, Ohio; June 22-24, 
1949. 


devise and perfect methods of treat- 
ment of industrial wastes’’; (e¢) ‘‘to 
provide Federal technical services to 
state and interstate agencies, and to 
industries’; and (d) to provide ‘*fi- 
nancial aid to State and interstate 
agencies and municipalities in the 
formulation and execution of their 
stream pollution abatement programs. ”’ 

In support of this poliey, the Act 
provides for surveys, investigations, 
and research. It provides for eneour- 
agement of uniform state laws and 
formation of interstate compacts. It 
provides for regulation of pollution on 
interstate waters with state consent, 
and for a Water Pollution Control Ad- 
visory Board, as well as containing a 
number of financial provisions for 
loans to construct remedial works, for 
grants to plan remedial works, and for 
grants to assist state regulatory bodies, 


Comprehensive Program 


Section 2 (a) of the Act provides 
that the Surgeon General shall, after 
investigation and cooperative activities, 
‘prepare or adopt comprehensive pro- 
grams for eliminating or reducing the 
pollution of interstate waters and 
tributaries thereof.’’ In preparing 
such programs, water uses to be con- 
sidered include ‘‘ publie water supplies, 
propagation of fish and aquatie life, 
recreational purposes, and agricultural, 
industrial, and other legitimate uses.’’ 

Essentially these programs consist of 
a background presentation covering 
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items as water uses, sources of 
pollution, water quality, and stream 
flow. From this basie presentation, the 


such 


program contemplates ‘‘ reasonable and 
equitable projects for the abatement of 
pollution The desirability of ap 
pollution abatement pro 
basis of an over-all river 
basin, or an over-all stream or section 


proaching a 


gram on the 


thereof, has generally been recognized. 
In many cases, pollution abatement 
projects are interdependent and a se 
ries of projects is required before full 
benefit can be realized from a pollution 
abatement program 

rom a practical standpoint, the Act 
provides that before a loan may be se 
cured, the project to be financed must 
be included ‘‘in a comprehensive pro- 
rram developed pursuant to this Act 
Financial Provisions 
The financial authorizations of the 
\et, six in number, are for the fiscal 
1949 to 1953 There 
s authorized to be appropriated to the 
Public Health Service, Federal Secur 
ity Agency, for 


years inclusive 


loans for remedial 


works, $22,500,000 per year; for grants 
tp 


to state and 


interstate 
$1,000,000 per vear; and for all oper 


agencies, 


including research, not 
There 
is authorized to be appropriated to the 
General 


ating expense 
to exceed $2,000,000 per vear. 
Services Administration, for 
yrants to states, municipalities, and 
interstate agencies for advance plans of 
remedial works, $1,000,000 per year; 
for all operating expense, not to exceed 
$900,000 per year; and for construe 
tion of a laboratory facility for Publie 
llealth Service use. $800,000 per year 


Loans far 
The 


medial works of $22.500.000 per year 


nstruction 


authorization for loans for re 


is for projects conforming to the fol 
lowing requirements 


1. The projects must be approved by 


the state water control 


pollution 


agency, 
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2. They must be approved by the 
Surgeon General. 

3. They must be in the comprehensive 
program 
4. The loans are to be for $250,000 
3314 per cent of the cost, whichever 
is smaller, are to be at 2 per cent inter- 
est, and secured by approved bonds 
The loan can be subordinated to other 


or 


bonds, as in a second mortvave 


Although the loan appropriation 
authorization is for the Federal Secur 
ity Ageney, the Act that 
funds shall be transferred to the Gen 


provides 


eral Services Administration on written 
request, specifying projects approved 
by the Surgeon General, the cost of 
such projects, and the total loans pro 
posed. The loans are to be made in 
accordance with a priority list estab- 
lished by the Surgeon General 

An appropriation for carrying out 
the loan provisions of the Act was not 
passed by the 1949 session of Coneress 
For obvious reasons loan applications 
are not being accepted 


Ntate and Interstate Agency Grants 


Under Section 8 (a) of the Act, an 
appropriation of $1,000,000 per year 
is authorized for allotment to 
and interstate agencies. The appropri 
ation is to the Federal Security Agency 
and allotted by that agency for ex 
penditure by or under the direction of 
the water pollution control agencies of 
the states or directly by interstate 
The for which al 
lotments are made is ‘‘the conduct of 


states 


agencies purpose 


investigations, and 


studies relative to the prevention and 


research, SUrveVs, 
control of water pollution caused by 
industrial wastes.’ 


Planning Grants 


Section 8 (c) of the Act authorizes 
$1,000,000 per year to be appropriated 
to the General Services Administration 
for grants to states, municipalities, and 
interstate agencies for the preparation 
of engineering studies, plans, and so 
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on, preliminary to the construction of 
remedial works. Individual grants can 
be $20,000 or 3314 per cent of pre- 
liminary costs, whichever is smaller. 
Projects for which grants are made 
require approval by the state and by 
the Surgeon General, 

There are three more financial pro- 
visions in the Act. Seetion 8 (b) pro- 
vides for the appropriation of funds 
for the erection and equipment of a 
building in Cincinnati for water pollu- 
tion research and studies. The ap- 
propriation authorized is for the Gen- 
eral Services Administration. Prog- 
ress has been made in preparing plans 
for this binlding, and it is hoped that 
it can be completed in somewhat less 
than the five vears indicated by the 
Act. 

Section 8 (d) authorizes an annual 
appropriation of $2,000,000 per year 
to the Federal Security Ageney to 
carry out its functions, and Section 
* (e) authorizes an annual appropria- 
tion of $500,000 to the General Serv- 
ices Administration to earry out its 
functions. 


Current Appropriations 

No appropriations were passed for 
the fiscal year ending June 30, 1949. 
The authorizations and the appropri- 
ations passed for the fiseal vear ending 
June 30, 1950 are as follows 


Section Purpose 


S-u State and interstate grants 
P.HLS. operations 

Planning grants (G.S.A. 
G.S.A. operations 

P.H.S. laboratory 


' Loans to be repaid. 


7 Loans for remedial works 
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Regulatory Features 

The regulatory features apply to in- 
terstate waters only. The pertinent 
section of the Act states that pollution 
‘‘which endangers the health and wel- 
fare of persons in a state other than 
that in which the discharge originates 
is hereby declared to be a pubhe 
nuisance."’ In outlining the regula- 
tory features of the Act, the action can 
be divided into a total of five major 
steps. These are, in outline. as follows 


1. The Surgeon General finds a 
‘‘publie nuisance.”’ 

2. The Surgeon General gives the 
first formal notice to the polluter. At 
the same time, he advises the state or 
interstate agency of his action and 
may outline remedial measures. Then 
he specifies a ‘‘reasonable time’’ for 
compliance 

4. The Surgeon General gives the 
second notice to the polluter, again ad- 
vising the state or interstate agency. 
He may recommend that the state or 
interstate agency bring suit. If a sec- 
ond reasonable period passes with no 
abatement and the state or interstate 
agency fails to initiate suit to abate, 
then 

4. The Federal Security Adminis 
trator may call a public hearing before 
a Board of five persons. This Board 
recommends reasonable and equitable 


A ithorization Appropriation 
er Year | for 1940-1950 
$22,500,000 None! 
| 1,000,000 $1,000,0008 
| 2,000,000 1,200,000 
1,000,000 200,000 
500,000 
800,000 200,0004 


$27,800,000 


$2,725,000 


2 To be distributed as follows: $850,000 to states, $60,000 to interstate agencies, and $90,000 
for special studies of industrial wastes of regional or national significance. 
* $75,000 of which was appropriated for fiscal year 1949. 


* Fiseal 1949 appropriation to General Services Administration for plans. 
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measures to abate the pollution and a 
reasonable opportunity is granted for 
polluter to comply 

5. With approval of the state water 
pollution control agency, the Federal 
Administrator 
the Attorne General to bring suit on 
behalf of tl United The 
court ‘‘shall have jurisdiction to enter 


Security may request 


States 


such judgment and orders enforcing 


such judgment as the publie interest 
and the equities of the case may re 


quire 

Analysis of the enforcement clause 
indicates that several years might pass 
Federal eould 


In this time there is ample 


before effective action 
be taken 
opportunity to correct the pollution or 
to bring action under state authority 
The provision requiring consent of the 
state before action is brought in the 
name of the United States means that 
the Federal government cannot inter 
ject itself into the affairs of the 
in the matter of enforcement unless it 


has the concurrence of the state 
State, Interstate, Municipal, and 
Industrial Participation 
With the thought in mind that pal 


ticular interest has been shown tn the 


and advantage to, the states 


impact on 
and the 
oneerned, an effort has been made to 
systematically the following 
tems of participation 


municipalities and industries 


sum! il 


advantage 


The state retains its primary respon 
sibility under the Act through its pol 


eontrol aweney Sev 


tion 1 states 


that “‘it is declared to be the policy of 


(‘oneress to reeoenize, preserve and 
prot the primar ibiliti 
protes ‘ 1) irs respons! 
nd right f the states in controllin 
water p llution Speetfieally thy 
tate enters t} ty n the 


1. It provides guidance 
Publ Hlealth Service and 


specifically, to each river basin offic 


state 
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in the development of the Federal pro 
gram. 

2. It cooperates in preparing com- 
prehensive programs, or it may prepare 
a complete program, which the Surgeon 
General may adopt. 

3. It is encouraged to engage in co 
uniform 
and to negotiate interstate com- 


operative activities, enact 
aws, 
pacts 

4. It is subject to the regulatory pro 
visions of the Act 

>. It furnishes representatives to act 
on hearing boards under the regulatory 
proy sions 

6. It 
fore Federal suit is brought 

7. It may 


search, and SUrVeVS. 


is required to give consent be 
request investigations, re 


8. It may borrow money, properly 


secured (as may municipalities and 


interstate agencies), for treatment 
vorks construction 
9%. Its approval is required for all 
10. It may be 
Water 
Board 
11. It may 


study 


represented on the 
Pollution Control Advisory 
receive industrial waste 


grants (states and interstate 
avencies only 


iz. it 


as may 


may receive planning grants 
municipalities and interstate 
acvencies 

13. Its approval is required before 


planning grants are made. 


Aas 


In Section 1 of the Act it 
ared to he the polies ot (ongress to 


provide Federal technical services 


is de- 


to ... interstate agencies and 


financial aid to interstate agencies 
in the formulation and execution 


their 


stream pollution abatement 


program 


Specifically, an interstate 
agency enters the activity in the fol- 


lowing res 


nNects 


1. It provides guidance and counsel 


to the Public Health Service and, spe 


‘ 


ach river basin office in the 
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development of the Federal program. 

2. It cooperates in preparing com- 
prehensive programs. 

3. It is encouraged to form compacts. 

4. It may request investigations, re- 
search, and surveys. 

5. It may borrow money, properly 
secured, for treatment works construe 
tion. 

6. It may receive planning grants 

7. It may receive industrial waste 
study grants. 


Municipality 


In Section 1 of the Act it is ‘“‘de- 
clared to be the policy of Congress... 
to provide Federal technical services 

and financial aid to munici- 
palities in the formulation and exeeu- 
tion of their stream pollution abate- 
ment programs.’’ Specifically, the 
municipality enters the activity in the 
following respects : 


1. It cooperates in preparing com- 
prehensive programs. 

2. It is subject to the regulatory pro- 
visions of the Act. 

3. It may, through the state, request 
the Surgeon General to ‘‘conduct in- 
vestigations and research and make 
surveys concerning any specific prob- 
lem of water pollution confronting any 

municipality. 

4. It may borrow money, properly 
secured, for construction of treatment 
works. 

5. It may be represented on the 
Water Pollution Control Advisory 
Board 

6. It may receive planning grants 


Industry 


Section 1 of the Act says that it is 
‘*the policy of Congress ... to sup- 
port and aid technical research to de- 
vise and perfect methods of treatment 
of industrial wastes . and) to pro- 
vide Federal technical services . 
to industries.’’ Specifically, industry 
enters the activity in the following re- 


spects: 
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1. It cooperates in preparing com 
prehensive programs. 

2. For the purpose of carrying out 
the policy statement mentioned above, 
the Act provides that ‘‘the Surgeon 
General shall... support and aid 
technical research to devise and perfect 
methods of treatment of industrial 
wastes.’’ However, the solution of in- 
dustrial waste problems is the responsi 
bility of the industries themselves 

3. It is subject to the regulatory pro- 
visions of the Act 

4. Through the state, an industry 
may request the Surgeon General to 
‘‘conduct investigations and research 
and make surveys concerning any spe- 
cific problem confronting any .. . in 
dustrial plant.’’ 

5. It may be represented on the 
Water Pollution Control Advisory 
Board. 

6. The allotments made to states are 
for ‘‘the conduct of investigations, re- 
search, surveys, and studies related to 
the prevention and control of water 
pollution caused by industrial wastes.”’ 


Public Health Service Activities 


Since passage of the Water Pollution 
Control Act, the President has ap- 
pointed members of the Water Pollu- 
tion Control Advisory Board (Tuts 
JourNAL, May, 1949, p. 552) and this 
Board has held an organization meet- 
ing (Tus JournaL, July, 1949, p. 718). 

Subsequent meetings were held Oct. 
3-4, 1949 and Jan. 10-11, 1950—Ed. | 
The Board gives promise of taking an 
active part in the program and making 
itself felt in the field of water pollution 
abatement. 

A Division of Water Pollution Con- 
trol has been created in the Public 
Health Service (Tarts JourNnaL, May, 
1949, p. 552). For the purpose of eo- 
ordinating the Federal water pollution 
control activities with state and local 
programs, 14 river basin areas have 
been designated. Limitations in avail- 
able funds made it necessary tempor- 
arily to combine certain areas, thus 
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reducing the number of river basin 
ield offices from 14 to 10. These have 
now been staffed with river basin en- 
gineers and assisting personne! 

State water pollution agencies, estab- 
lished to receive 
fund of $850,000 


state grants from a 
in accordance with 
See. 8 (a) of the Act, have been desig 
nated and allotments have been made 
Tars JourNa 1949, p 
Allotments also have been made from 
of $60,000 to a number of inter 
and from a fund of $90, 
000 to a number of inter 


Sept., S50 
a fund 
State aven 
states and 
state agencies for studies of industrial 
waste problems of regional or national 
signiieance 

A good start 


comprehens 


has been made on the 
Work sheets 
forms have been dis- 
and 
several states have submitted completed 


ve programs 


and final sur ey 


tributed Provress is reported 


data. There have been some objections 


to methods and timing, but few ds 


agreements in principle 
The technical arm of the water pollu 


tion control activity is centered at the 
Environmental Healtl 
nat Ohi Kield 
stress matters of regional or national 
been devoted to bathing 
Je January, 1949, p. 110 
quality 
international 


(enter, Cinein 
vetivities which 


interest 


and irrigation water needs, 


problems of 
Tris JourNaAL, May, 


pollution 
boundar) 
p 


industrial waste 


beet and steel in 


basic 
the sugar 
and some miscellaneous pro 
ld studies planned for the 
waste 


nelude industrial 
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studies of sulfate or kraft pulp mills, 
in cooperation with the National Coun 
cil for Stream Improvement, and 
studies of sewage treatment by pre 
aeration and by recirculating filters. 
Along the lines of basic research, the 
bacteriological laboratory has placed 
indicator 
bacteria of 


organisms 
ultra- 
laboratory is 


stress on 

effect on 
The 
stressing toxicity studies and is making 
a detailed study of the biology of a 
The chemistry labora 


recent 
and the 


SONICS 


biological 


small stream 
tory has projects which include impor 
tant studies of analytical methods, the 
effect 
oxidation, and the causitive agents of 
tastes and odors in water supplies. In 


of heavy metals on_ biological 


view of the demand, research projects 
have been selected with great care. 


Conclusion 


Public Law 845 has provided an- 
thorization of appropriations for the 
period beginning July 1, 1948, and end- 
ing June 30, 1953. This is in the na- 
ture of a trial period of five years, after 
the intent of 
situation and 
established 


which it is presumabl) 
Congress to review the 
determine if the 
should be extended and supported, or 
possibly State, 
municipal, and industrial officials have, 
to date, been most with 
the Public Health Service and the Gen- 
eral Administration. If the 
closely coordinated efforts experienced 
to date among cooperating parties are 
typical, we look forward with confi- 
dence to a successful program 


program 
should be revised. 


cooperatiy e 


services 
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Conpuctep sy Hersert P. OrLAND 


Chairman LeRoy W. Van Kleeck, 
Sanitary Engineer, Connecticut State 
Health Department, Hartford Conn. :— 
The subject of what the laboratory 
tests for the small sewage treatment 
plant are and should be is contro- 
versial. Certainly there will be some 
differences of opinion. As a_begin- 
ning, therefore, two well-qualified men 
have been selected to present their 
views before the matter is opened to 
veneral discussion. 

Wallace W. Sanderson, Chemist, Di- 
vision of Laboratories and Research, 
Vew York State Department of Health, 
Albany, N. Y.:—-The value of any lab- 
oratory test depends on the method of 
sampling, and yet this is one procedure 
for which no definite directions can be 
specified for all plants. The purpose 
of the study, the tests to be made, the 
time and labor available, the location 
of sampling points, and many other 
factors must be considered. 

Certain generalities can be empha- 
sized. Samples should be collected 
where the sewage is well mixed; large 
particles should be excluded, and no ae- 
cumulated deposits, growths, or floating 
matter should be included. If held for 
more than an hour before examined, 


* From transcript, 1949 Operators’ Forum, 
22nd Annual Meeting, Federation of Sewage 
Works Assns.; Boston, Mass.; Oct. 17-20, 
1949. [This was one of the six topics dis 
cussed; others will be presented in subsequent 
issues.— Ed. } 
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samples should be cooled by immersion 
of the sample bottle in ice water. 

Two types of samples may be col 
lected—catch samples or integrated 
samples. 

The ideal condition would be to an- 
alyze catch samples collected at hourly 
intervals during a 24-hr. period. This 
obviously cannot be done at small 
plants because time and staff are not 
available. Therefore, one catch sample 
at the time of maximum flow, which 
generally corresponds to maximum 
load, may be examined. Presumably, 
if the results indicate satisfactory op- 
eration at this time, satisfactory opera- 
tion will be obtained at other times. 
When catch samples are used to de- 


termine the efficiency of treatment 


units, the effluent sample should be eol- 
lected after a period corresponding to 
the flowing-through time so that the 
same sewage will be sampled at the 
inlet and outlet. 

Integrated samples indicate the char- 
acter of the sewage over a given period 
of time, the effect of intermittent 
changes in flow and concentration being 
eliminated. The portions used should 
be collected as frequently as feasible 
and should be proportional to the sew- 
age flow. However, it must be under- 
stood that mixing of the individual por- 
tion can cause marked changes—neu- 
tralization of acid or alkaline portion 
can occur; coagulation and precipita- 
tion can change the suspended solids; 
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residual chlorine and pH values may 
be affected. Thus, the results are not 
typical of the that 
through the plant at any instant 


sewave passed 

If small sewage plants are consid 
ered to include primary sedimentation 
with sludge digestion and chlorination 
of the plant effluent, a very few simple 
laboratory tests can be of great aid in 
plant operation. The principal func 
tion of sedimentation is to remove 
settleable There 
a test that indicates the quantity 
of settleable solids in the influent and 
effluent of the 
to show 


and floating solids 


fore, 


tank is all that is neces 


sary how much material is to 
be removed and with what efficieney it 


The Imhoff 


cone test yields these data and requires 


is being accomplished. 
little equipment and no special skill 
If the indicate that from 95 
to 100 per cent of the settleable solids 
are being removed, the tank is accom 


results 


plishing the purpose for which it was 
designed 

Sludge digestion is a process to con 
vert the settled 


seware 


from 
compact 
residue that can be disearded without 


solids remoy ed 


into an inoffensive 


nuisance It is a biologie process 


whereby the putrescible organie con 
tent is liquetied and gasified, leaving a 
A test to deter 
mine the quantity of dry solids in the 


humus-like material 


sludge and the proportion of such solids 
that are 
formation 


volatile on ignition gives in 


regarding the quantity of 
solids to be digested and how well this 
moderate amount 
of equipment is required and some skill 


iS accomplist ed A 
in its use must be acquired. Generally, 


digestion will consolidate the solids 


from 2 to 5 per cent in the raw sludge 
to 5 to 10 per cent in the 
sludge, and reduce the volatile matter 
from 75 per cent of the dry solids in 
sludge to 50 per cent of the 
in the digested sludge. 


digested 


the raw 
dry solids 

The digestion process proceeds most 
rapidly within a small range of pi 
values and can be stopped entirely by 


wide pH! fluctuation. A simple, easily 
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operated pH color comparator is avail- 
able and is of great value to an opera- 
tor in maintaining proper conditions 


for digestion. Generally, in the pH 
range from 6.8 to 7.4, digestion pro 
ceeds smoothly. Variations from these 
values can be detected and corrective 
measures applied before serious trouble 
develops. 

Chlorination of effluent is 
venerally practiced to destroy patho- 
genie bacteria. 


sewave 


The bacteriologie ex- 
amination of sewage is long and tedious 
and entirely impractical at a 
plant. Experience has shown that if 
sufficient chlorine is added to sewage 
effluent to maintain a residual of 0.5 
p.p.m., 15 minutes after the chlorine 
has been applied, effective disinfection 
will be accomplished. The equipment 
required is but a small addition to that 
needed for pH determination and is as 
easily operated If the chlorine added 
is enough to produce a 0.5 p.p.m. resi- 


small 


dual during maximum flow of sewage, 
it will be more than sufficient during 
the rest of the day, and the excess dur 
ing low flows will amount to so little 
chlorine that it can be disregarded in 
small plants. 

Thus, for small sewage plants, essen- 
tial equipment ean be purchased for 
about $300, which with simple labora- 
tory procedures and careful sampling 
will make it possible to seeure data of 
great The 
are: 


value tests recommended 


1. Determination of settleable solids. 
Total and volatile sludve solids. 
pH. 


4. Residual chlorine 


None of these tests requires standard 
solutions or use of an analytical bal- 
ance, 

Frank Woodbury Jones, Consulting 
Cleveland, Ohio:—In this 
discussion, the small sewage plant is 
regarded as one which has only a lone 
operator for routine duty. 


Enaine er, 


Obviously, 
as with most small plants serving say 
5,000 or less persons, there will be no 
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attendant for at least two-thirds of the 
time. 

Irrespective of its size, the sewage 
treatment plant, under present condi- 
tions of publie and governmental in- 
sistence on and propaganda for clean 
waters, is an important cog in the main- 
tenance of public health. The small 
plant should perform as continually 
and as effectively as its more preten- 
tious counterpart. Basically, there- 
fore, and in order to meet the require- 
ments of the receiving waters, there is 
no difference in the elements of design 
or the necessity for proper and effee- 
tive operation and control. Also, the 
factors by which the performance is 
judged by remote supervising agencies 
are essentially the same in all cases. 

In the design of every sewage plant, 
large or small, provision should be 
made for some laboratory determina- 
tions. For the small plant, a single 
desk equipped with water, gas, and 
electricity, a sink, balances (analytical 
and heavy duty), together with other 
equipment such as graduates, beakers, 
burettes, bottles, evaporating dishes, 
chemicals, ete., will suffice for simple 
tests—or for show and preparing lunch 
if nothing mpre—at small expense. 

It is at once apparent, however, that 
the small community can neither afford 
nor justify the employment of a full 
time operator, who is both a skilled 
chemist or engineer and an able-bodied 
laborer capable of performing all the 
duties of technical control and physical 
manipulations of routine plant opera- 
tion, repair, and maintenance. 

We do not hold to the statement, 
often made, that it requires a trained 
chemist to perform the simple analyti- 
cal procedures required for most of the 
routine tests essential to an evaluation 
of plant performance. Experience has 
demonstrated that a skilled machinist 
who found himself operating a sewage 
plant could be as deft in using a deli- 
cate balance, pipette, or burette as he 
is in manipulating a micrometer—al- 
though he might not know whether 
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B.O.L. meant biochemical oxygen de- 
mand or, as one applicant stated in a 
civil service examination, ‘‘ bacterial, 
odor, decay.”’ 

As a first premise, therefore, an op- 
erator of good mechanical ability and 
fair intelligence can be taught to per- 
form the mechanical manipulations of 
laboratory tests which do not involve 
the more complicated procedures, such 
as quantitative precipitations, and in- 
cineration. It 1s surprising, too, how 
soon he becomes dexterous and gathers 
some significance of the results ob- 
tained. 

For the instruction and guidance of 
the non-technical operator, the com- 
munity should employ a part-time tech- 
nical supervisor who knows the art of 
sewage treatment and control. This is 
encouraged in some states, and with 
good results. The technical operator 
of a large plant can often make ar- 
rangements with his employers to per- 
mit him to supervise nearby small 
plants, by visits of as few as one to a 
maximum of not over four per month, 
except in unusual circumstances. 

Observations of conditions and ree- 
ords of what devices are operated are 
just as important for effective opera 
tion as any technical determinations 
made in the laboratory. All of these 
office duties may be grouped under the 
general term ‘‘laboratory tests.’’ 

Using the broad interpretation, the 
following laboratory tests can be made 
with a minimum of time and effort. 
Just how many will be made depends 
on the interest and capacity of the 
operator. 

Daily observations and recordings 
should be made of weather conditions; 
sewage flow; devices in operation; oc- 
currence of odors; the time and dura- 
tion of by-pass use ; removals of screen- 
ings. grit, and sludge (wet and dry) 
and the quantities of each; as well as 
any out of ordinary happenings, such 
as foaming, occurrence of oil, and like 
disturbances. Most of these should be 
entered daily on prepared forms in 
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books for permanent reeord. <A page- 
a-day diary is a necessity. 

The conscientious operator likes to 
do some analytical work, which gives 
him not only a feeling of competence, 
but also one of confidence. At this 
point, it might be well to observe that 
the lone operator cannot spend too 
much time taking samples and prepar 
ing composites. Obviously, most of his 
efforts in this direction will have to be 
made during the day shift. A catch 
sample of raw sewage, taken, say, at 
10 or 11 a.m., will in many instances, 
especially where there are no compli 
cations from intermittent dominant in 
dustrial wastes, give a fair indication 
of the average sewage. Another, taken 
of the effluent after allowing appropri 
ate time for primary and secondary 
treatment, will permit evaluation of the 
treatment effected. Broader coverage 
can be secured by changing the sam 
pling hours for raw sewage on different 
days (sav at 8, 9, 10,11, or Noon) with 
corresponding allowances for the steps 
in treatment \lso, it must be recog 
nized that if the day effluent is accept 
able, the night effluent ordinarily will 
be better 

The determination of settleable solids 
in raw sewage and effluents by the use 
f Imhoff cones is simple and gives a 
yood indication as to whether primary 


and secondary sedimentation ts effec 
tive 

For final effluents where complete 
reatment is used, methylene blue tests 
in spite of all objections by the savants 


ire valuable in depicting whether ot 
not the end discharve 1s stable 

\gain, for a complete treatment 
plant, methyl orange determinations of 


a kalinits will furnish valuable data on 


the effectiveness of treatment A good 
final effluent from se ondary devices 
will show a «ke led drop in alkalinity 
over that found in the raw or primary 
settled sewage. Where the alkalinity 


ranges from 150 to 400 p.n.m. in the 


primary 


settled sewage, a reduction of 
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30 per cent or more will usually indi- 
cate a well purified effluent equivalent 
to 85 per cent or greater removal of 
B.0.D. 

Solids in sludge, both fresh and di- 
vested, should be determined regularly, 
and from composites made from fre- 
quent samples taken during the with- 
drawal. This is an elementary pro 
cedure and the securing of reliable re- 
sults is fairly positive 

When chlorination is employed, tests 
for residual chlorine can be made with 
out burden on time or effort. 

The tests enumerated are regarded 
as minimum requirements if any lab 
oratory bench testing is done at all. 

The dissolved oxygen content in the 
receiving water above and below the 
point of effluent discharge is important 
particularly on a small stream. There 
is no better indication of the sufficiency 
of oxygen and lack of toxic materials 
than the presence of minnows or other 
fish in the vicinity of the outlet. Where 
fish are present, no laboratory D.O 
tests are necessary, but their living 
presence should be recorded, even if it 
S necessary to maintain in the effluent 
or stream trapped gold fish or other 
members of the finny family that de 
pend on oxygen for survival. A num 
ber of plants keep fish in the secondary 
settling tanks. If the fish die, the con- 
elusion is obvious. 

Suspended solids can be determined 
by difference, (from residues on evap 
oration of both filtered and unfiltered 
samples) or direct (by Gooch crucible). 
Removals by settling tanks can be 
‘theeked by determining the total solids 
in both influents and effluents. The 
necessity or reliability of these deter- 
minations on the small plant, in most 
cases, may be questionable 

determinations are not recom- 
mended as routine for the small plant 
operator. 

Should it be desired to obtain over- 
all results, weekly or monthly compos- 
tes can be made by adding daily 
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samples (1 hr. per day), proportionate 
to flow, to a large bottle (say 1 gal.) 
in the presence of a suitable sterilizing 
agent depending on the determinations 
required. Old standbys in New Eng- 
land are formaldehyde for solids, and 
sulfuric acid where determinations of 
nitrogen as ammonia and nitrates and 
of oxygen consumed are made. The 
work on the composites should be done 
by the supervisor. 

At present, the preparation of an- 
alytical reagents need be no deterrent. 
Every chemical house can supply 
standard solutions of any strength de- 
sired, either in full volume or in eap- 
sules to be made up in the laboratory. 
Here, however, the work of preparation 
preferably should be done by a quali 
fied chemist. 

In the experience of the writer, it 
is difficult to maintain a schedule of 
routine testing on the small plant. 
Consequently, reliance must be placed 
on the faithful performance of routine 
duties which will effect maximum per- 
formance of the treatment devices. 
Where possible, however, the making 
of simple determinations as above out- 
lined, though not essential, is desirable 
and will enhance the standing of the 
operator in the eyes of his fellow op- 
erators, the community, and govern- 
mental supervisors. 

The worth of a sewage plant depends 
on how well it accomplishes its intended 
purpose. Suecess or failure in attain 
ing the desired end can be evaluated 
from technical tests and from plain 
common sense observations. Both are 
desirable; but if only one is possible, 
let it be a faithful record of conditions 
observed in the several phases of treat- 
ment and in the receiving waters. A 
black, smelly stream below a sewage 
plant outlet needs no other confirma- 
tion of failure in treatment. Con- 
versely, a reasonably clear and clean 
effluent and a stream supporting fish 
life above and below the point of dis- 
charge needs no B.O.D. or other chem- 
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ical test to prove the acceptability of 
plant performance. 

T. C. Schaetzle, Superintendent, Sew- 

age Treatment Plant, Akron, Ohio: 
I would like to inquire as to whether 
there is any uniformity among the 
health departments as to the sampling 
that is done at asmall plant. Mr. San 
derson remarked that the sampling was 
highly essential. We all agree with 
that. I have wondered if, rather than 
taking one sample a day, it would not 
tell more about the operation of a small 
plant if a composite were taken, say, 
once a month. By the law of averages, 
such samples might indicate a little 
better what the plants are doing. Or, 
if possible, perhaps a sample taken four 
or five times a day each week, but on 
various days of the week would be 
better. 

Chairman Van Kleeck:—-Are you re- 
ferring to the sampling of raw sewage 
at the plant influent? 

Mr. Schaetzle:—-That is right; and 
for small plants. 

H. L. Giles, Sanitary Engineer, Con- 
necticut’ State Health Department, 
Hartford, Conn.:--The Connecticut 
State Health Department makes an 
effort to have one of its inspectors 
sample every treatment plant of any 
consequence every three to four 
months. A few factories and small 
plants are missed. Sometimes a sam- 
pling is obtained a little more fre- 
quently or a little less frequently, de- 
pending on conditions. A composite 
sample is taken over a period of 5 or 6 
hr. at 10- or 15-min. intervals; that is, 
while the man is there he does nothing 
else but that. In addition, in the very 
small plants, we have tried to get the 
men to take a sample at different hours, 
as Mr. Sanderson has pointed out, so 
that over a period of a month we have 
not only residual chlorine tests, but 
also, in the case of a secondary treat- 
ment plant, acid solids tests and stabil 
ity tests at different times of the day 
By so doing a pretty complete picture 
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of what is happening at the plant can 
be obtained from a review of one 
month’s records 

R. M. Babcock, Sanitary Enaqineer. 
Nebraska State Health Department, 
Lincoln, Nebr In answer to the ques 
tion, we have attempted to visit each 
plant, although the frequency of the 
visits has been curtailed by lack of per 
sonnel, During each visit we make a 
24-hr. composite sampling at 30-min 
intervals and run complete tests. That 
is done by State personnel almost en 
tirelvy, with the help of the operator 
of course, or such other help as is avail 
able. We feel that in this way we can 
determine at least what the condition 
of the plant is, the operation, and, of 
course, the final efluent. We'd prefer 
to do it every 2 or 3 months, as was 
suggested; but we just can’t. How- 
ever, we do feel that the effort is wel 
worth-while 

Vr. Sanderson;—Apparently, my 
point has been misinterpreted. Th: 
state health department sends out a 
representative to take samples and try 
to get a picture of the plant operation 
I was referring, however, to the plant 
where the operator does some of the 
simpler tests. He is busy with all 
kinds of duties and just takes one 
sample a day 

Now, would it be better, in the 
opinion of the various health depart 
ments, if those men who are doing thei 
own sampling and making their own 
simple analyses did not take a sample 
every day, but instead set aside one day 
} 


of each week to be a sampling and an 


day, during which samples would 


alvsis 
be taken several times and the analyses 
made immediately, perhaps rotating 
the day during succeeding weeks? 

Gi. F. Bernauer. Sanitary Enaineer. 
Wisconsin State Board of Health. 
Vadison, Wis.:—We at Wisconsin 
haven't had the opportunity, because 
of personnel problems, to make ce 
tailed checks on the sewage plants from 
the state level. However, we have ad 
vocated that the smaller sewage plant 
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operators do exactly as Mr. Schaetzle 
suggested. Many of these small plant 
operators have taken samples at ¥-hr. 
or 1-hr. intervals over a period of, say, 
an &-hr. operating day, and staggered 
the day of the week on which the sam 
ples are collected. In that way, we 
feel that we get a pretty good picture 
of what is going on in a lot of these 
small sewage plants 

M. M. Cohn, Sanitary Engineer, 
Schenectady, N. Y.:—In closing his dis 
cussion Mr. Jones made a very fine 
point when he said that, ‘‘ With all of 
the laboratory determinations, the eye 
of the operator will tell him at his di- 
luting stream whether he is or is not 
doing a reasonably good job.’ 

As an operator of rather long stand 
ing, I have been pleading for profi 
ciency in sewage treatment plant op 
eration to meet the requirements of the 
state health department-—these men 
who have arisen in the defense of their 
own standards of practice. However, 
from my experience during the last 
3¥% years of going out to seal stream 
plugs, we must begin to measure effi 
ciency of plant operation, not only by 
B.O.D., but also by what 1d like to call 
P.O.D., which stands for ‘‘ Public Ob 
servation Demand.’’ Besides produe 
ing good effluents streams must be made 
to look good if we are to get the money 
required to build the needed sewage 
plants. 

It is a good point: all operators 
ought to be taught to spend a little time 
down at the outlet stream to see 
whether or not they are really per 
forming the job they could. 

C. C. Larson, Chemist, Springfield 
(1Ul.) Sanitary District :—I believe Mr 
Jones will have a little difficulty in de- 
fending his position relative to the cor 
relation of alkalinity and B.O.D. 

Vr. Jones:—I got that through ob 
servation, not through any deductions 
Nevertheless before I wrote that I went 
ver several years’ records of various 
plants and the statement held good 
every time 


4 
ode 
PY 
fy 
4 
te. 
i 
js. 
i 
\ 
| 
: 
| 
if 
3 
of 
5 
: 
. 
aad 


Vol. 22, No. 2 


INDUSTRIAL WASTES IN SANITARY SEWERS 251 


REGULATION AND CONTROL OF INDUSTRIAL 
WASTES DISCHARGED TO SANITARY 
SEWERS * 


By G. R. Scorr 


Sanitary Engineer, Black and Veatch, Consulting Engineers, Kansas Citu, Mo. 


Inasmuch as the technical journals 
contain a vast fund of information on 
the effect of industrial wastes on sewers 
and the operation of sewage treatment 
plants, it would seem a simple matter 
to summarize these data and conclude 
with an outline of an ordinance or 
regulation that would constitute a 
method by which a satisfactory solu- 
tion of this aggravating problem could 
be achieved. Apparently, however, 
this idea is erroneous. There have 
been discussions of that type, yet the 
problem is still unsolved. Excellent 
summaries have been prepared in 
which tolerance limits for various sub- 
stances are indicated, and the technical 
journals contain detailed information 
on almost every type of waste. In gen- 
eral, the technical information required 
for the solution is available, but this 
is not all that is required for a satis- 
factory solution. Something is lacking 
which is necessary to organize the pro- 
gram and make it elick. 

The Federation’s Committee of Sew- 
age Works Practice has prepared Man- 
ual of Practice No. 3 on ** Municipal 
Sewer Ordinances’’ to serve, as stated 
Ge . a guide to as- 
sist municipalities in the proper regula- 
tion and control of sewage works... .”’ 
Much good can be expected to ensue 
if this work is accepted and followed. 
However, a regulation without popular 
support cannot be entirely successful. 
So, in a searching manner, the sug- 
vestion is offered that perhaps, in addi 
tion to emphasizing the regulation and 


in its preface, as 


* Presented at 1949 Annual Meeting, Ken- 
tucky-Tennessee Industrial Wastes and Sew 
age Works Association; Lexington, Kentucky; 
Oct. 31—Nov. 2, 1949. 


control of wastes, some time should be 
devoted also to study of the human re- 
lationships involved in the program. 

Some of the problems of waste regu- 
lation might disappear if the considera- 
tions and tolerances with which we are 
concerned in normal living activities 
were applied also to dealings with 
wastes and their originators. Perhaps, 
eventually, it can be demonstrated that 
the subordination of individual inter- 
ests with respect to sewages and indus- 
trial wastes is conducive to the well- 
being of a community, and maybe even 
to that of the entire area of a water 
shed. 

Our first concern is with the admin- 
istrative forees. It is on this group 
that most sewage superintendents must 
concentrate their efforts, because reac- 
tion to any program outlined will de- 
pend on comprehension of the problem 
and the importance of its solution. The 
essential service provided by a sewer 
system to a community in promoting 
public health and in affording a econ- 
venient method of carrying away its 
waste products should be considered 
equal in importance to other utilities 
and should be treated as such. Like 
other utilities, it should be operated as 
an entity in itself, with charges for its 
services in proportion to the use. In 
many cases, it is only by such means 
that a municipality will be able to 
finance adequate sewage works. 

It is not the intent here to discuss 
the elements to be considered in estab- 
lishing the amount to be charged for 
the services. They have been de- 
scribed in the Tentative Manual of 
Practice, entitled ‘‘Uniform System of 
Accounts for Sewer Utilities,’’ pub- 
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sriefly, they 
include costs due to capacity (amount 
to the commodity power 


lished by the Federation. 


of sewaye 
and supplies of various kinds), to users 
billing, 


charge able 10 pubhe 


meter reading colleetiniz 

service to public 
property), and resulting from unusual 
conditions (difficulty in providing ser 
ce, or wastes of such characteristics 
as to result in extra treatment costs 

When charges based on these elements 
hay 


applied to wastes and sewages, many of 


n worked out and properly 


the problems of regulation and control 
v4 ill be solved 
faced with 


amounts of 


When an industry is 
charges for excessive 
waste or for particular 
processes in treatment because of ab 
normal strength or peculiar character 
istics, it is conceivable that it will at 
tempt to minimize such requirements 
This 


n modification of process 


by examining its own household 
may result 
recirculation and re-use of water, re 
covery of materials, primary treatment 
or any other step which the industry 
can undertake to its advantage to de 
crease the cost of treatment at the 
municipal plant 


Utility Status of Sewer Service 


On the other hand, sewer services 
should be considered as a utility on a 
par with water supplies or electrical 
energy by civie groups and the admin 
stration in their efforts to locate new 
Ordin 
irily it is assumed as a matter of cours: 


industries in the community. 
that if the water requirements or the 
electrical load required by an inter 


ested industry will exceed existing 
facilities, mains, power lines, and even 
plant enlargements will be installed to 
(And why not 


ress depends on indus 


meet the requirements 
Community prog 
trial development \lso, the new en 
| consumer of a 


Is it illog 


cal to presume that. with respect to the 


terprise is i potentia 


revenue-producing utility 


disposal of wastes from its activities 
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this industry should at least pay its 
This is a point for sewage 
superintendents to emphasize in dis- 
cussions with their employers and the 


own wayt 


They are not asking 
for the adoption of charges which are 
in excess of the cost of providing the 
Nevertheless, there should be 
received an amount, equitably imposed, 
which will enable operation and main- 
tenance of the system in a good work 
ing condition. 


general publie 


service, 


Make Public Sewage Conscious 


A little advertising and the distri 
bution of information on what the 
plant is and what it can do will not 
hurt the program. Get the Mayor and 
the City Council to go over the sewer 
system and see for themselves some of 
the difficult problems—and then be 
sure that they become familiar with 
Get the 
industrial fellows down to the plant 
and show them how it works and why 


the sewage treatment plant 


The gen- 
eral publie should also be enticed to 


some wastes are detrimental 


the plant and made sewage conscious 
well-kept plant free of 
weeds and unsightly debris, along with 
a few flowers, will help give the plant 
more publie appeal. 


Of eourse a 


If the sewer system has been placed 
on a utility basis, it is assumed that 
the industrial wastes are being meas 
ured by some recording and integrat- 
ing device and that enough analytical 
work has been done to provide informa- 
tion on their characteristics. Other 
wise, how can it be possible to establish 
a fair charge for their treatment and 
Also, by the time this 
charge has been worked out. it is quite 


disposal 


certain that unnecessary fluctuations in 
flow and strength have been smoothed 
out so that the upsetting effects on the 
treatment plant of sudden surges of 
flow and abnormal organie loads will 
be minimized. The industry has ex- 
amined its operations. It has sepa 
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rated the clean condenser water from 
the waste, and by modifications and 
better housekeeping has found that it 
can keep the amount of waste and the 
organic matter to a surprisingly low 
amount. It is assumed, too, that the 
city has done its part in providing ade- 
quate capacities for the load to be car- 
ried, and all that is left for the sew- 
age superintendent is the relatively 
easy job of seeing that it operates. 

But is it easy? Because of faulty 
operation or mistakes at the industrial 
plant, or because of spills or a break 
in some pipe line, sudden loads reach 
the sewage plant and the sewage may 
be colored all shades of the rainbow, 
or contain so much organic material 
that the treatment processes are upset. 
Eventually, of course, the stuff passes 
to the receiving stream. Its effect on 
the plant may be felt only momentarily 
or, depending on its nature and the 
type of treatment plant, it may reduce 
the plant efficiency for as long as a 
week or more. 


Cooperation of Industry 


Although it is unreasonable to re- 
quire that such occurrences be pre- 
vented entirely, it does appear to be 
within reason to expect cooperation on 
the part of industry when such abnor- 
mal wastes are discharged to the sew- 
ers. This cooperation could in general 
be evidenced first by a telephone warn- 
ing to the sewage superintendent, giv- 
ing him the approximate amount and 
general characteristics of the wastes 
With this information, and a few min- 
utes grace, he can prepare either to 
receive them or open the by-pass gate 
The second action of cooperation should 
be the immediate repair of the break, 
and perhaps the installation of equip- 
ment required to minimize the possi- 
bility of a recurrence of such accidents. 

In order to obtain this cooperation, 
it is essential that the sewage super- 
intendent be well acquainted with the 
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personnel responsible for the mainten- 
ance and operation of the waste sys- 
tems at the industrial plants. He 
should be familiar with the processes 
and the individual wastes to the extent 
that he can appreciate the problems 
of the industry as well as estimate the 
effects of the wastes on the operation 
of his plant. 


Municipal Responsibility 


It is generally believed that progress 
in stream sanitation depends on the 
treatment, whenever possible, of in- 
dustrial wastes along with domestic 
sewage. Accordingly, municipalities 
should recognize this requirement and 
where practicable and economical 
should make provisions to receive the 
industrial waste for treatment. How- 
ever, even with the restrictions which 
have been outlined, there are certain 
wastes which will damage or clog the 
sewer system and which are not amen- 
able to the treatinent usually provided 
by the municipal plants. The dis- 
charge of such wastes to the sewer sys 
tem should not be permitted until they 
have been so treated by the industry 
that they can be received without dan- 
ger. It is at this point that we might 
begin to consider the regulation and 
control of wastes. 

Article V of the Federation’s ordi- 
nance is prepared to prevent or limit 
the following: 

1. Damage to the sewer system by 
explosions, acids, or clogging by inert 
solids or greases 

2. Public health hazards. 

3. The discharge of toxic wastes or 
those not amenable to usual plant treat- 
ment processes 

4. Wide fluctuations in amounts of 
sewage. 

5. Abnormally strong sewage, or 
those with such widely varying char- 
acteristics as to be objectionable. 


It is believed that a program such as 
has been outlined will automatically re- 
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move the need for much further 
{ the last 


sideration of 
remains, 


con 
two conditions 
The still 


regulations to obtain the required con 


need however fi ! 
trol over the first three conditions, but 


if the sewer rental law is not in effect, 
all five must receive adequate attent on 


The pr Article V for a 


particular municipality should be un 


paration of 


dertaken only after a complete study 
been made of 
volved, and the 
should be 


rigid than will be necessary to protect 


hus the problems in 
limits to be ineluded 
practicable and no more 
the system and its operation. Industry 
should be asked to participate in the 
studies and in preparation of the regu 
They are users of the service 
their 


construction, 


lations 
and must 
share of the 


and maintenance 


assume proportional 
operation 
costs. They are gen 
with the chara 


teristics of their own wastes but usually 


erally quite familiar 


appreciate the 
stem The 
Committee in its 


do not effect of such 
wastes upon the s\ 


tion's diseussion of 


the preparation of the ordinance failed 
to include industry in their suggested 
an ordinance 
should be 
sented, along with the municipal offi 


This 


approach should result in 


list of personnel for com 


mittee Industry repre 


cials and their technical advisors 
democratic 
a better understanding by all and a 
document mutually agreed upon, which 
will be more easily administered than 
one deve lope d without due considera 


f all 


followed and Detroit reports 


Such a method 


interests 


esults in the operation of its 


ition, prepared in such a manner 
Committee used good judgment 


value for 


| left to the 

ent of the superintendent ot 
treatment or to the eitv’s eon 
enginee! This should also be 
ise for fluetuations in the amount 


ordinance is adequate 


reference to limiting conditions 


will damage or clog the sewer 
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system, and the public health hazards 
Toxie or poison- 
limited in the ordi- 
nance to concentrations below those 
which might ‘‘injure or interfere with 
any sewage treatment process, consti- 


have been considered 


ous substances are 


tute a hazard to humans, or animals, 
or ereate any hazard in the receiving 
waters. It is realized that pres- 
ent knowledge on acceptable concentra- 
tions of toxic substances is limited, but 
it is regrettable that the discussion of 
this subject did not the 
concentrations of those materials which 
trouble at treat- 
have made 
toxic substances of 


summarize 


have caused sewage 


ment plants. This would 
the discussion on 
equal value with the sections on B.O.D., 
solids, pH, ete., to those preparing an 
ordinance 


Outside Help May Be Needed 


In this discussion, emphasis has been 
placed on the duties of the sewage sup- 
out of 
reason to expect the facilities and skills 


‘rintendent. Obviously, it is 
required for the detailed analyses of 
the wastes to be available in the smaller 
The treatment of 
is an important portion of the 
stream sanitation program now being 
the Their per- 
be ealled on for assist- 
outside help 


municipalities 


WASTES 


developed by 
should 
anee. In 
must be obtained 


states 
sonnel 
many Cases, 


Perhaps by the combined efforts of 
all groups which fundamentally are in- 
terested in this important service, and 
bv a democratic approach, a sewage 
works system ean become more than a 
conduit with a plant on the lower end 
which wastes are dumped in a 
and without due consideration 
well-being of the communities. 


It is not 


into 

hurry 
to the 
proposed to raise sewage to a 
higher plane—it should remain under- 
rround—but 


+ 


sewer service should be 
raised out of the ditch so that it can 
be seen in its true light and appreci- 
ated other 
municipal service 


much as 


equally as any 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘Start where you are with what you have; make something of it; never be satisfied.’’-—Carver 


Illinois Bldg., Champaign, Il. 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request 
Please direct annual reports to: Federation of Sewage Works Associations, Room 325, 


Eleventh Annual Report of the Racine, Wis., Sewage Disposal Plant and 
System for 1948 * 


By Tomas T. H 


Although the average daily flow was 
14.565 m.g.d., or 11 per cent less than 
that for 1947, it was still 21 per cent 
over the designed capacity of the plant. 
Probably the decline was due primarily 
to the shortage of rainfall, there being 
recorded only 21.60 in. of precipitation 
at the plant, or about 2/3 of normal. 

In contradiction to the decreased 
flow, both the total amount of dry 
solids delivered to the plant and the 
total amount removed were slightly 
higher than in 1947. Despite the ob- 
vious overloading of the plant, efficien 
cies continued to be average or above 
for similar plants. 

Digester loading is 81 per cent 
creater than the average for a number 
of plants, being greater than the maxi 
mum at which complete digestion may 
be expected under optimum conditions. 
No excess capacity is available to meet 
daily, weekly, or seasonal maximums or 
any shock load that may be put on the 
digesters. Although dry solids drained 
to the beds (749,480 lb.) constituted 
11 per cent more than was handled by 
the beds in 1947, it was still necessary 
to chlorinate and waste a large amount 
due to inadequate capacity of the beds 


Maintenance and Repairs 


In addition to normal inspection and 
maintenance schedules, painting sched- 


* For last previous extract see Tis Jour 


NAL, 21, 1, 120 (Jan., 1948). 


, Superintendent 


ules were set up to utilize all available 
labor. Installation of a new insulated 
roof deck and roofing reduced moisture 
in the plant sufficiently to make such 
a procedure possible. The old pre-cast 
concrete tile flat roof had deteriorated 
so badly, because of moisture and tem 
perature attack, that many of the tiles 
were held by up the roofing, making it 
dangerous to- work under that 
The new deck is composed of 2-in. D 
and M lumber treated with chromated 
zine chloride. On this was laid, 2 in 
of fibre glass insulation, which was cov 
ered with a 20-year bonded roofing. 
The contract for the work was: $39,996. 
It is intended to add sufficient heating 
and circulating units to dry the atmos 
phere beneath this roof, thus prolong 
ing the life of the entire structure. 


Unusual Operating Conditions 


Rags collecting on the clarifier chains 
had been causing them to jump the 
sprockets, being shredded to strings in 
To correct this, a 2-in. 
bar screen was shop made and placed 
in the influent channel ahead of the 
comminutors. This was used only dur 
ing the spring months when the sewers 
were flushed out by high flows. No 
clarifiers have been out of service since 
because of breakdown 

A heavy discharge of gas plant 
wastes during 1947 continued to affect 
two of the digesters until well into Feb- 


the process, 
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ruary, and the third until the end of Table I is a summary of the 1948 
May operating data 


| 
TABLE I. —Summary of 1948 Operation Data at the Racine, Wis., Sewage | 
Treatment Plant 


Average Average 


Total rainfall (in 21.60 Per cent volatile solids 63 


Sew ge flow n.g d 14.56 pH ; 6.7 
Per « ap. sewage flow (zal 187 Digested sludge: . 
Settling tank retention (hr 2.4 Pounds digested solids to drying 
beds 2,048 
Settleable solid p t solid 12.71 
Influent (ml per liter). 3.09 er cen — 
: Per cent volatile solids 42 
(ml. per lites 0.20 
) pH 7.06 
Per cent reduction a5 
H Per cent solids in supernatant 1.03 
— Analysis of dry sludge (% 
Influent 7.7 
Atuent 2.07 
anended aolida 
Suspended Haus, K.O 0.47 
nfluer 7 
Influent (p.p.m 17 Crease 3.61 
(p.p.t Humus 13.0 
Per cent reductior ae | Moisture 33.0 
B.0.D., 5-day Gas, cu. ft. per capita per day 0.57 
Influent (p.p.n 121 Gas analysis 
effluent (p.p.m 73 B.t.u 654 
Per cent reduction 10 Oxygen (per cent l 
Chlorine demand | Nitrogen (per cent 2 
taw (p.p.in 5.65 Hydrogen (per cent 2 
Effluent (p.p.m 5.74 CO, (per cent) 31 
taw sludge to digester | CH, (per cent) 64 
Gal. per day 20,421 | Operating costs ($ 
Per cent dry solid 8.05 | Per capita 0.92 
Pounds dry solid 12,114 Per m.g 13.51 


Annual Report of the Sewage Works Manager, Borough of Slough, England, 
for the Year 1948-49 * 


By M. A. Kersnaw, Manage 


Treatment The strength of the sewage was again 
Although the total volume of sewage considerably above average, due pri- 


handled during 1948-49 was slightly marily to industrial wastes. Routine 


less than during 1947-48. the overload analyses indicate the average sewage 


su 


on new sections of the three treatment strength to be approximately 25 per 
plants (Cippenham, Dorney, and Lang- cent higher than the previous year. 
ley) was increased owing to partial Average purification of 85.93 per cent 


collapse of the old works. During peak Was effected, as compared with 87.4 the 


flow periods of the vear (3,757 hr.) a year before i 
considerable volume of sewave was by Collapse of the dosing chamber at 
passed into the storm-water tanks f ! the old works put this unit out of ser 
storage until periods of slack flow, vice for several weeks until temporary 
when it was returned through the repairs enabled 3 of the 5 filters to be « 


plants for treatment brought back into limited use. As a 
‘or last previous extract see Tas Jour preliminary to plant additions, 5 of 
20, 6, 1106 (Nov., 1948 the irrigation lagoons were taken out 
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of commission, creating still a further 
slight reduction in the treatment capac- 
ity of the works. In anticipation of 
further temporary interference with 
the existing plant during the construc- 
tion program, work on farm irrigation 
areas is being intensified with a view 
to dealing with increased volumes of 
sewage liquor on the land at these 
times 


Langley 


Deterioration of the final effluent of 
this plant (73.22 per cent purification 
as against 77.2 per cent in 1947-48) 
necessitated construction of a new fil 
ter, settling tank, and pumping station, 
as well as changes in land irrigation 
practices. The effect of the new units 
is seen in later purification figures 
averaging 84.2 per cent 


Laboratory 


In addition to routine work and 
special attention directed towards ob 
taining information to assist in operat 
ing the new works when constructed, 
the laboratory did a considerable 
amount of work on experiments for the 
Water Pollution Research Board in 
connection with filter fly control and 
toxicity to fish of effluent from filters 
treated for fly control. In addition, 
long term research on the method of 
determinations was concluded 
and investigation was carried on of 
possible methods of pretreating a par 
ticularly strong industrial waste antici 
pated from a new local factory. 


Trade Waste E/ffluents 


During the year 1,021 inspection 
visits were made to factories and 292 
samples of industrial discharges were 
obtained for laboratory examination 
A total of 142 factories is now subject 
to regular inspection, with 32 new ones 
added this year. The volume of in 
dustrial wastes reaching the works is 
estimated at 450,000 g.p.d. (Imp 
Pretreatment units have been installed 
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at 65 factories to balance both volume 
and strength of the discharges to the 
system. Table II indicates the wide 
variety both of trade wastes and their 
compositions and strengths. 


Vanor Farm 


The primary object of the farm is as 
a unit of sewage disposal. During the 
year some 67 m.g. (Imp.) of sewage 
and most of the sludge was disposed of 


TABLE III.--Summary of 1948 Operating 
Data, Cippenham Sewage Plant, 
Slough, England 


Item Average 

(rea of Borough (acres 6,276 
Population (estimated 66,030 
tainfall (in.).. 22.52 
Average sewage flow (m.g.d. Imp 1.79 
Per cent overload on treatment 

works... . 19.4 
lotal number samples examined 1,174 

Individual estimates 0,036 
pH: 

Raw 7.4 

Settled 7.2 

Humus tank effluent 7.1 

Lagoon effluent 7.4 


Oxygen absorbed (4 hr. N/80 
KMnQ,, Lab. Temp.) (p.p.m.): 


Raw 172.0 
Settled... 112.0 
Humus tank effluent 24.2 
Lagoon effluent... . 38.3 
Nitrogen (p.p.m.): 
Raw 77.7 
Settled. ..... 72.2 
Humus tank effluent. 25.7 
Lagoon effluent 41.1 
Nitrogen (NOs) (p.p.m.): 
Humus tank effluent 21.2 
Lagoon effluent... . 0.2 
Suspended solids (p.p.m.): 
670 
Settled . 177 
Humus tank effluent. . ; 51 
Lagoon effluent... . 50 
B.O.D. (5 days at 18.3° C.) (p.p.m.): 
Raw 7 
Settled. .... 494 
Humus tank effluent 34.7 
Lagoon effluent 57 


in this way, without nuisance. Some 
5 acres were reclaimed by clearing the 
accumulated surface mat of rubbish 
and sludge, deep ploughing, and put- 
ting the area into irrigation use. The 
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remaining 15 acres were dried off and 
the deposited sludge is now being sold 
and removed from the site. 

A grass drying plant was put into 
operation in May, 1948, with a ready 
market for the high quality hay pro- 
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duced. A net profit of £258 was real- 
ized on 9 feeder steers sold, and an 
additional £176 on sludge sales. 

A summary of operation data for the 
Cippenham works for the year April 
1948-March 1949 is given in Table ITI. 


SAFETY IN SEWAGE PLANTS 


By H. DuNsTAN 


Associate Professor of Sanitary Engineering, University of Alabama, Tuscaloosa, Ala. 


Safety is all too often neglected, with 
the result that death and injury often 
result when a little extra effort could 
have prevented the causative accident. 
It behooves each man to be careful, lest 
he one day become an accident statistic. 

There are three major factors which 
have a definite bearing on the prob- 
lem of safety. First, there is the man 
himself—his knowledge or lack of it, 
his carelessness, and his attitude. Then 
there is the matter of having adequate 
and proper equipment and plant. 
Finally, there is the matter of main- 
tenance. Without attention to all 
three, a safety program is bound to 
fail. 


Personal Element 


In some ways the personal element 
is the key to the whole matter. Unless 
a man becomes interested in safety, and 
then learns the fundamentals, the best 
plant in the world may not prevent in- 
juries to him. Usually there is a right 
way and a wrong way to do every job 
—the right way is the safe way. The 
experienced operator probably knows 
this way, and he likely knows why; 
but the new man probably does not. 
Hence, as a basic principle, whenever a 
new man comes on the job be sure he 
knows the right way—the safe way— 
to do every job he must do. Just be- 


* Presented at Fourth Annual Meeting, Ala- 
bama Water and Sewage Association; Tus- 
caloosa, Ala.; June 9-11, 1949. 


cause he says he knows how should not 
keep his superior from observing and 
checking to be sure that he does. Make 
it clear to him that you are trying to 
operate a safe plant; that you know 
that accidents don’t just happen, they 
are caused ; and that you expect him to 
do his part in preventing them. 

As the superior, never neglect to 
check up on ary dangerous conditions 
reported by your men. Let them know 
you are interested, and if you find they 
are wrong, carefally explain why. If 
you are the subordinate, don't hesitate 
to report unsafe conditions—but don’t 
criticize the boss too much if his board 
refuses to spend the money to do the 
job required. Do the best you ean 
Be a little more careful; don’t take 
chances. 

When safety devices are provided, 
use them. They may save you from in- 
jury when least expected. If you are 
tired, be doubly careful. Fatigue ean 
be a killer—you may do the thing you 
know you shouldn't, and the price you 
pay for this slip may be painful an 
costly. 


Equipment and Layout 


In an old plant, equipment and plant 
layout may be far from satisfactory, 
and there may not be too much that 
can be done about it except to be ex- 
tremely careful. Most modern machin- 
ery can be safeguarded so that it is 
extremely difficult to be hurt by it. It 
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is usually much better to buy a ma 
chine with built-in safeguards than to 
add them later; if they are added as 
an afterthought it is usually not too 
much trouble for an operator to remove 
them 

If you have any voice in the matter, 
insist that safety considerations be con- 
sidered by the designer of any new 
plant or addition. It may not cost a 
penny extra to make a plant safe if 
designed that way; but correcting de 
fects is likely to run into money, and 
so may not get done 

It is not possible here to go into 
great detail or to touch on every point, 
but an attempt will be made to men 
tion a number of important points in 
design 

There are many danger spots around 
plants at which fencing, chaining, rail 
ings, and guards are needed to safe 
guard operators from physical injuries 
This applies around manholes fre 
quently left open, open settling tanks, 
stair wells, and any deep opening. As 
feneings and railings may hinder op 
eration or increase the hazard under 
certain conditions, good judgment 
based on operating experience is needed 
by the designer or inspector when pro 
viding or recommending such safe 
guards 

Guarded machinery, properly insu- 
lated and grounded electrical wiring 
und equipment, non-slip stair treads, 
non-slip floors, adequate lighting, and 
provision of facilities for handling and 
caring for chemical spills are all basic 
requirements in design. Also in this 
same category are adequate fire extin 
guishers, proper signs, and judicious 
painting to reflect light and distinguish 
unsafe spots 

Around deep tanks a life preserver 
and throw-line may prove its worth 
Even more important, however, is 
scheduling of the work around such 
tanks so that there is someone near to 
use the preserver if it is required 

First-aid equipment holds major in 
juries to a point of minimum severity 
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and prevents infection from developing 
in the ease of many unavoidable minor 
injuries. Treatment of all injuries, no 
matter how small, should be man- 
datory. Except for minor injuries, 
wounds should be treated by a doctor. 

Rubber gloves should be worn to pre- 
vent infection while cleaning clogged 
sludge pumps, handling screenings, 
sewage, grit, and filth. This protection 
becomes doubly important when the 
hands are chapped or the skin broken 

Safety considerations with respect to 
combustible or poisonous gases are well 
covered in the literature, particularls 
in the Federation’s Manual of Practice 
No. 1, ‘‘Oceupational Hazards in the 
Operation of Sewage Works.’’ The 
re-reading of this manual at frequent 
intervals should be a mandatory re 
quirement of every person connected 
with a treatment plant or sewerage 
svstem. 


Maintenance 

The final factor is a matter of 
maintenance and good housekeeping. 
Equipment will get dirty, will wear 
out, or will otherwise become less effi- 
ecient. A regular schedule of checking 
all equipment should be followed, and 
this checking should include all safety 
factors involved and all safety equip 
ment. <A discharged fire extinguisher 
iS Worse than no extinguisher at all 
A first-aid kit with certain supplies ex- 
hausted may create a hazard. 

Aisles and walkways should be kept 
clear, and free from grease. Worn 
stair treads should be replaced. Tools 
and equipment should have a specific 
place and should be kept there.  Fi- 
nally, it should be mentioned that 
cleanliness is a big factor in keeping 
down skin infections. 

It has not been possible in this dis- 
cussion to be specific on most points. 
Detailed safety data may be obtained 
for almost any type of situation from 
the National Safety Council and from 
U.S. Government publications. Manu- 
facturers often provide useful data. 
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The Manual of Practice No. 1, previ- 
ously mentioned, is specific in its ap- 
plication of good safety principles to 
sewage works practice. However, all 
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the knowledge and the best equipment 
in the world cannot take the place of 
a real interest in safety on the part 
of each person involved. 


EFFECT OF ACID IRON WASTES ON THE WOR- 
CESTER TRICKLING FILTERS 


By Roy 8. 
Formerly Supervising Chemist, Dept. 


Although it has been claimed that 
the trickling yu of the Worcester, 
Mass., sewage treatment plant were 
clogged with on deposit as a result 
of iron and acid wastes in the sewage, 
several tests on the filters thermselves 
indicate that such was not the case. 
Actually, the clogging of the 14-acre 
filter surface began as a_ bacterial 
growth, which reached such propor 
tions that ponding resulted and _ fine 
sludge ultimately covered the filters 
and penetrated the top few inches of 
stone 


FIGURE 1.—Bottomless box on Wor- 
cester filters shows effect of bacterial and 
fine sludge clogging in surface layer. 


In one experiment, shallow depths 
of stone were removed from several 
small areas of the filters. The cleaned 
areas were then dosed with Imhoff 
tunk effluent, using 1144-in hose con 
nected to nozzle openings on an ad 
jacent operating filter. Each of the 
test areas cared for far more influent 
than the usual doses through the nozzle ; 
that is, 8 to 15 sq. ft. of filter area 
successfully cared for more influent 
than usually was dosed to 165 sq. ft 


LANPHEAR 


of Public Works, Worcester, Mass. 


FIGURE 2.—With clogged top stone 
layer removed filters passed influent 
freely. 


There was no pooling in eny of the 
areas during a long series of tests 

In another independent experiment, 
a 5-ft. square bottomless box was set 
on the uncleaned surface of the filter 
The influent did not pass down into 
the filter, but filled the box and con- 
tinued to pass from it through an 
overflow opening at one side (Figure 
1). A similar box set into the filter 


FIGURE 3.—Removal of clogged sur- 
face layer greatly improved filter perform- 
ance. 
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after a few inches of stone had been 
removed from the surface (Figure 2 
did not overflow, the influent draining 
freely to the filter below. In Figure 
4 this same box is shown immediately 
after the experimental dosing flow had 
been stopped and the distribution plat 
form No ponding was evi- 
dent 1 and 3 indicate that 
the clogging of the filters was entirely 
a surface condition and involved only 
the top few inches of stone. 

A third experiment was carried out 
by still another independent source 
In this test, § rows of stone (about 1 
acre of filter area) were removed from 
between lateral pipe distributors on 
the filters to a depth of about 18 in 
The remaining 6 acres of the test fil 
ters were left uncleaned. The entire 
were dosed for 54 


removed 


Figures 


7 acres 


successive 


days at a rate of 2.25 to 250 mg.ad 


Really Non-Clog Pump 


A truly revolutionary development 
in sewage pumping equipment recently 
came to light with a public demonstra 
tion of the new Fairbanks-Morse blade 
less trash pump. Intended for pump 
ing sewage and other liquids contain 


ing large preces of fibrous trash, the 
pump 
blades, the pumping 
being obtained by the use of a warped 
and twisted channel (Figure 1 
to one flow section of a conven 
impeller. With a 


obstruction-free impeller passage an 


channel 
effect 


unique uses a single 


without 


equis 


alent 


tional completels 


no blades, there is no place where tras! 
wedged in its 


can become lodged or 


passage through the pump 

that the new pump 
handle trash 10 times the size that wil! 
clog any pump with blades (and or 


Claims wil! 


as can be passed by conventional! 


pumps) were visibly substantiated at 
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oceasion trash up to 25 times as large 
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The influent dosed on the one cleaned 
disappeared without ponding 
However, the influent to the 6 un- 
cleaned acres was not prevented from 
flowing and carrying solids with it 
into the adjacent cleaned ditches (400 
ft. long). Subsequently, all 8 ditches 
became clogged in turn with the solids 
from the top of the 6 uncleaned acres. 
This corroborated the previous find- 
ings that the filters were not clogged 
throughout. 

The rate of influent 
ponding filters prior to the first tests 
was less than 1 m.g.a.d.; the normal 
average rate was 1.5 m.g.a.d. In the 
third test it estimated that the 
cleaned received from 12 to 15 
8 to 10 times the normal 
dosage rate. All test results indicated 
that the Worcester trickling filters 
were not clogged with iron deposit. 


acre 


dosage on the 


was 
acre 


or 


the recent demonstration when a shop 
eoat and a pair of overalls (Figure 2 
as well as large tarpaulins, were passed 
through a 4-in. pump without any tear- 
ing or damage whatsoever. 


FIGURE 1.—Mock-up of impeller channel 
in bladeless trash pump. 
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FIGURE 2.—Shop coat and overalls passed by bladeless trash pump without damage 
or stoppage. 


Actual field tests of the new pump 
design have been provided by long-time 
operation and maintenance reports of 
users who have not known that their 
replacement pumps were of the new 
design. That none of these units had 
to be dismantled, and thus release the 
secret of the revolutionary nature of 
the equipment, is further verification 
of the reliability of the bladeless im- 
peller. 

Additional advantages claimed for 
the new design include smaller motor 
requirement and _ interchangeability 
with present equipment. 


Fair Exchange 


Just planting lawns and trees is not 
enough in a grounds beautification 
program. They must also be cared for 
conscientiously, and just as conscien- 
tiously rernoved or replaced when that 
is indicated. How the situation has 


been handled at one plant is shown in 
Manager R. W. Frazier’s 1947-48 An- 
nual Report of the Oshkosh, Wis., 
Sewerage Commission as follows: 


“The Lombardy poplar trees around the 
plant are being cut down, as they have be- 
come too large and are now considered to 
be a nuisance because of breaking branches, 
leaves, and the roots spreading in the lawn 
near the surface. Evergreens have been 
planted to replace them. A new lawn is 
being made in front of the building. 
Sludge is exchanged with the nurseries for 
trees and flowers.” 


A good point this last, as it offers a 
means not only of getting nursery stock 
with no outlay of funds, but also of 
disposing of excess sludge at no extra 
cost, even of dumping space. 


Fire-Retardant Paint 


A new fire-retardant and non-toxic 
paint now being iutroduced should 
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have a considerable appeal to those 
concerned with the protection and 
maintenance of sewage treatment 
works, particularly where combustible 
surfaces are involved, It is claimed 
that even the hot scorching flame of a 
blow toreh cannot ignite a sheet of in 
flammable newsprint if it has been 
coated with the paint, which will not 
support combustion. Called ‘‘ Flame 
Seal,’’ the coating has already been ap 
proved by Underwriters’ Laboratories, 
and is recommended for use as an in 
terior paint to fire retard such com 
bustible surfaces as wood, plywood, 
veneer, cardboard, and various types 
of fibre partition boards 

The new coating is claimed to give off 
no toxic gases either while being ap 
plied (by brush or by spray) or when 
exposed to fire. No special mixing 1s 
necessary, and it may be applied dur 
ing any weather conditions or season 
of the year, as it is not affeeted by hu 
midity 

The fire-fighting property of the 
paint is claimed to lie in its complete 
physical transformation under heat to 
form a crust-like wall at least 8 times 
as thick as the original coating. It 
may even be possible that a little ad 
vance planning may be necessary to 
allow for future expansion! 


Practically Utopia 

At one time or another most sewage 
treatment plant superintendents and 
operators have dreamed of having at 
their disposal a plant that would have 
almost unlimited flexibility so that they 
could experiment to their heart’s con 
tent while still performing the daily 
requirement 

Reading a recently published 8-page 
dest riptive booklet about the Univer 
sity of Florida plant makes one realize 
that such dreams can come true. Not 
only does the plant serve an equivalent 
full-time contributory population of 
7.000 (composed of more than 10,000 
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students, plus employee and faculty 
contributors) with adequate treatment, 
but it also provides research and in- 
structional features seldom found in a 
plant of this size. 

Treatment furnished consists of com- 
minution, primary settling, standard- 
rate and high-rate filtration in parallel 
for comparative operation, secondary 
settling, chlorination, and separate 
sludge digestion and drying. Many 
pipe lines and control points are pro- 
vided to give the needed flexibility for 
research projects studying treatment 
processes, equipment, and techniques. 
The main plant supplements the more 
varied facilities of a nearby pilot plant, 
operated exclusively as a research fa- 
cility by the University’s Civil Engi- 
neering Department. 

Incidentally, the booklet itself is a 
fine example of how to acquaint plant 
visitors, as well as the general publie, 
with the features of the plant, thus in- 
creasing interest and improving public 
relations. Among the many interest- 
ing items of the booklet is an excellent 
air photo of the well-kept plant, fea- 
tured as the cover picture. For those 
who would like to see how the pamphlet 
is gotten up, Superintendent M. E. 
Dawkins says he’ll be happy to send a 
copy to anyone interested 


Helping Hand 


The helpful, cooperative spirit of 
sewage works superintendents and 
operators is attested by the following 
offer of the Towa Sewage Works Asso- 
ciation, as published in the November, 
1949. issue of the Towa Sewage Works 
st: 

“The members of the Towa Sewage 
Works Association are offering to give 
practical training to new operators just 
entering the sewage works field. The 
mayor or city council of cities or towns 
having new plants or new operators should 
contact the officers of the Association or 
their District Health Engineer, and make 
the necessary arrangements through one 
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or more plants having sufficient operating 
personnel to train the new men. There is 
no charge for this service.” 

It seems to us as though this could be 
a real in-service training program that 
might work to mutual advantage. Not 
only is it an excellent way of giving the 
new man some experience in the art, 
but it could also be a partial answer to 
the eternal cry for additional person- 
nel, especially at little or no drain on 
the annual budget.’ 


For Utility and Beauty 


With a reminder that it is far more 
economical to keep a paint system in 
good repair than it is to wait until cor- 
rosion has destroyed a good part of the 
protective coating and attacked the 
concrete or steel underneath, a simple 
sewage plant painting chart especially 
designed for superintendents and oper- 
ators is now available for easy selec- 
tion of the proper paint for each plant 
surface and exposure condition. Be- 
sides the basie information of what 
paint to use where, the 4-page folder 
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gives some valuable hints on coverages, 
number of coats to use, preparation of 
surfaces, and primers. Copies of the 
chart are obtainable from the Inertol 
Co., Inec., 480 Frelinghuysen Ave., 
Newark 5, N. J. 


Pressure Tactics? 


Advance publicity on the 1949 An- 
nual Convention of the North Dakota 
Water and Sewage Works Conference 
certainly hinted at the promise of 
larger game than could be found afield 
when the Oficial Bulletin of the Con- 
ference said : 

“Of course, Friday noon will bring the 
Conference to a close with a luncheon and 
the business session, consisting mostly of 
reports and the election of officers... . 
Let's have this a snappy session; hunting 
season opens promptly at 12:00 noon.” 

Well, that surely should bring it to a 
close—one way or another. It may 
even be possible to bag one’s limit of 
officers and committeemen and then go 
out and get some real meat for the 
table! 
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Proceedings of Member Associations 


ROCKY MOUNTAIN SEWAGE WORKS ASSOCIATION 
13th Annual Meeting 


Colorado Springs, Colorado, September 21-23, 1949 


The 13th Annual Meeting of the 
Rocky Mountain Sewage Works Associ- 
ation was held at the Acacia Hotel, 
Colorado Springs, September 21-25, 
1949, in conjunction with the Twenty- 
third Annual Meeting of the Rocky 
Mountain Section of the American Wa- 
ter Works Association. 

The morning session on Sept. 21 in- 
eluded the following technical papers 


‘‘Importance of Good Operation of 
Sewage Plants,’’ by George Schlitt, 
Sanitary Engineer, Denver, Colorado ; 

‘Stream Pollution Survey of South 
Platt River,’’ by C. T. Carnahan, Pub- 
lie Health Engineer, United States 
Public Health Service, Denver, Colo- 
rado; and 

‘*Plans and Objectives of the Fed 
eration of Sewage Works Associa- 
tions,’” by L. O. Williams, State Sani 
tary Engineer, Cheyenne, Wyoming. 


A business luncheon followed. The 
afternoon program included: 


‘*Necessary Improvements to an 
Overloaded Digester,”’ by George Hub- 
bard, City Manager, Durango, Colo 
rado; 


‘*Round Table Diseussion - Opera 


tor’s Problems,’’ led by M. Leonard, 
State Industrial Hygienist, Cheyenne, 
Wyoming; and 

‘Deseription of Colorado Springs 
Sewage Plant,’’ by John Frederick, 
Plant Superintendent, Colorado 
Springs, Colorado. 


The remainder of the day was de- 
voted to an inspection trip to the Colo- 
rado Springs Sewage Plant. 

Of the water works papers, pre- 
sented on September 22 and 23, only 
one, ‘‘Combined Utility Operations and 
Records,’’ by Harry Galligan, Utilities 
Auditor, Colorado Springs, Colo., was 
of interest to sewage works personnel. 

At the Annual Business Luncheon 
the Association voted to increase the 
membership dues in accordance with 
the 1950 increase in Federation dues 

Officers elected for the following 
year were: 

President: Carl M. Bennett, Colo- 
rado Springs, Colo. 

Vice-President: Sam Gass, Lords- 
burg, N. Mex. 

Secretary-Treasurer: Carroll H. Cob- 
erly, Denver, Colo. 

Dana E. Kepner, 
Acting Secretary 


CANADIAN INSTITUTE ON SEWAGE AND SANITATION 
16th Annual Meeting 


Schumacher, Canada, September 26-28, 1949 


The 16th Annual Meeting of the 
Canadian Institute on Sewage and Sani- 
tation was held at the MeIntvre Com 
munity Building, Schumacher, Can 
ada, September 26-28, 1949. The total 


attendance was 288, of whom 
ladies, 


77 were 

The opening session on September 
26 was followed by a guided discus- 
sion on ‘‘Sewer Service Charges and 
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Methods of Financing.’’ In the after- 
noon, two technical papers—'‘ Refining 
of Gold Ore,’’ by R. E. Dye, Vice- 
President and General Manager, Dome 
Mines, South Poreupine, Ont.; and 
‘‘Sewer Construction in Northern On- 
tario,’’ by H. E. Archibald, engineer, 
Teck Township, Kirkland Lake, Ont.— 
were presented. A discussion on ‘‘ Mis- 
cellaneous Sanitary Problems,’’ fol- 
lowed. Emphasis was placed on North- 
ern activities and the addresses of the 
various functions all led to a better 
understanding of the North in gen- 
eral. 

At the dinner that evening enter- 
tainment was under the auspices of 
the Canadian Sanitation Equipment 
Association. 

Qn Tuesday, a technical paper, 
‘‘Atmospheric Pollution and Its Con- 
trol,’’ by Morris Katz, Chairman, 
Canadian Section, Boundary Air Pol- 
lution Advisory Board, International 
Joint Commission, Ottawa, Ont., and 
a guided discussion, ‘‘Street Cleaning 
Practices,’’ under the chairmanship of 
W. L. MeFaul, held the interest of 
everyone during the morning session. 
During the afternoon, a sight-seeing 
trip to several of the local gold mines 
proved very interesting. 
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Entertainment during the evening in 
the form of dancing, and the ‘‘Club 
Room,’’ was sponsored by the Canadian 
Sanitation Equipment Association. 

The following papers were presented 
during the Sept. 28 session : 


‘Sewage Purification, Biofiltration,”’ 
by W. B. Redfern, Consulting Engi- 
neer, Toronto, Ont., and 

“Sewage Purification, Activated 
Sludge Process,’’ by R. V. Anderson, 
Consulting Engineer, Toronto, Ont. 


A discussion on ‘‘Sewer Cleaning 
and Maintenance’’ was led by C. S. 
Anderson. 

At the business session a decision 
was made to raise the dues from $7 
to $9 in accordance with the new Fed- 
eration dues schedule for 1950. 

The following officers were elected 
for 1949-50: 


President: L. G. MeNeice, Orilia, 
Ont. 

Vice-President: D. A. R. MeCannel, 
Regina, Sask. 

Secretary-Treasurer: A. E. Berry, 
Toronto, Ont. 

FSWA Director: Wm. Storrie, To 
ronto, Ont. 

A. E. Berry, 
Secretary-Treasurer 


KENTUCKY-TENNESSEE INDUSTRIAL WASTES AND SEWAGE 
WORKS ASSOCIATION 


Third Annual Meeting 
Lexington, Kentucky, October 31-November 2, 1949 


The Joint 1949 Annual Meeting 
of the Kentucky-Tennessee Section, 
American Water Works Association, 
and the Kentucky-Tennessee Indus- 
trial Wastes and Sewage Works Associ- 
ation at Lexington, Kentucky, October 
31-November 2, 1949, set a new record 
for registration and was called one of 
the most successful meetings yet held. 
A total of 242, ineluding 44 ladies, was 
officially registered for the sessions. 
The program included two days of 
technical sessions, followed by separate 


inspection trips for the two Associa- 
tions on the third morning. 

A joint session of the two Associa- 
tions, presided over by Chairman Louis 
Sutherland of the A.W.W.A. Section 
and Chairman Grant 8. Bell of the 
Industrial Wastes and Sewage Works 
Association, was held on the opening 
day. After an opening address by 
Mayor Tom G. Mooney of Lexington, 
a paper entitled ‘‘ What the A.W.W.A. 
Can Do for Operators and Superin- 
tendents of Small Systems’’ was pre- 
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sented by W Victor Weir, vice presi 
dent, A.W.W.A. W. H. Wisely, ex 
ecutive secretary of the Federation 
related the ‘‘ Experiences of a Sewage 
Plant Operator in Public Relations.”’ 

The afternoon session opened with 
a paper on ‘‘Investigations on Radio 
Active Waste Disposal in Relation to 
Water and Sewage Treatment,’’ by O 
R. Placak and Roy J. Morton, Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn The session was concluded by 
a panel discussion on ‘Financing Wa- 
ter and Sewerage Improvements,’’ in 
which W. H. Hopkin diseussed the ‘* Fi 
nancier’s Standpoint’’; ‘‘What to Ex 
pect from Your Consulting Engineer’ 
was presented by L. H. Clouser; and 
the ‘‘Municipal Viewpoint’’ was pre 
sented by L. S. Vance, representing 
Kentucky, and Arthur L. Dow, repre 
senting Tennessee municipalities 

E. E. Jacobson presided over the 
Tuesday morning session of he 
A.W.W.A. Section, at which the fol 
lowing papers were presented: Us 
currence of Ground Water in Kentueky 
and Tennessee,’” by geologists from 
both states ; 

‘*Changes in Water Rate Structures 
to Keep Pace with Increasing Produc 
tion Costs,’’ a panel discussion; and 

‘* Effect of Consumer Meters on Con 
sumption and Revenue,’ by R. T. Hos 


mon 


In the afternoon session, i N 
Jernigan presiding, the following pa 
rs were presented 


‘Cathodie Protection of Tanks,’’ bs 
M.S. Roberts, Jr.; and 

‘“*Continuous Plan of Leak Surveys 
and Detection,’’ by E. Farra. 


A question and answer session on 
‘Operating Problems of Small Plants 
and Syste ms”? completed the session 

The separate session of the Indus 
trial Wastes and Sewage Works As- 
sociation on Tuesday morning, with 
S. L. Jones presiding, heard reports on 


February, 1950 


‘Current Activities in Industrial 
Waste Treatment,’’ wherein E. M. 
Jones covered acid wastes; M. D. San- 
ders, meat packing wastes; and W. J 
Eldridge, chemical industry wastes 
M. T. Singleton followed with an inter 
esting paper showing the unusual ef.- 
fect of industrial wastes on the design 
of the Bristol, Tenn.-Va. sewage treat 
ment plant. Willis H. Lewis discussed 
the need and importance of laboratory 
control in sewage treatment plant op- 
eration. 

Chairman Grant S. Bell presided 
over the afternoon session, which was 
opened by a discussion of ‘‘Current 
Activities of F.S.W.A.,” by W. H 
Wisely, Executive Secretary. The 
Federal Water Pollution Control Pro 
vram was outlined by Lewis A. Young, 
U.S.P.HLS., Atlanta, Ga. Recent re- 
sults from milk waste treatment plants 
were presented by Frank J. MeKee and 
the session was coneluded by a paper 
on ‘‘Regulation and Control of Wastes 
Discharged to Sanitary Sewers,’’ by 
G. R. Seott. 

On Wednesday morning the Water 
Works Section visited the Lexington 
water plant, the tour being concluded 
by a buffet luncheon. The LW. & 
S.W.A. visited the Pepper distillery 
and waste treatment plant, and also 
the City of Lexington sewage treatment 
plant, where luncheon was served at the 
home of the superintendent. 

The ladies entertainment committee 
headed by Mrs. J. K. Latham con- 
ducted a tour of Central Kentucky 
Horse Farms and a bridge luncheon 
to provide recreation for the large num- 
ber of ladies in attendance. General 
entertainment ineluded a cocktail hour 
on Monday night and a dinner dance 
at the Lexington Country Club on 
Tuesday evening. 

At a joint business session preceding 
the inspection trips on Wednesday 
morning the Industrial Wastes and 
Sewage Works Association amended 
its constitution to agree with the 1950 
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Federation dues schedule and elected 
as officers for 1949-50: 

Chairman: 8. Leary Jones, Nashville, 
Tenn. 

Vice-Chairman; G. R. Watkins, Lex- 
ington, Ky. 


PROCEEDINGS OF MEMBER ASSOCIATIONS 


FSWA Director: M. L. Miller, Louis- 
ville, Ky. 
Secretary-Treasurer: R. P. Farrell, 
Nashville, Tenn. 
R. P. FARRELL, 
Secretary-Treasurer 


ARIZONA SEWAGE & WATER WORKS ASSOCIATION 
1949 Fall Conference 
Yuma, Arizona, November 11--13, 1949 


Attendance at the 1949 Fail Confer- 
ence of the Arizona Sewage and Water 
Works Association set a new record 
when 181 members and guests gathered 
at Yuma on November 11-13, 1949. 
Technical sessions and entertainment 
features were well attended and the 
meeting was hailed as one of the most 
outstanding yet held. 

President Anton- Frederickson pre- 
sided over the opening session, which 
got under way with a Johns-Manville 
film, ‘‘Underground Arteries.’’ The 
paper ‘Centrifugal Pumps: Applica- 
tion and New Developments’’ presented 
by H. A. Mylander, De Laval Steam 
Turbine Company, Los Angeles, cre- 
ated considerable interest and won the 
awarc. for the best paper of the con- 
ference. The remainder of the morn- 
ing was devoted to a discussion on pro- 
tection of water distribution mains. 

Arizona State Supreme Court Judge 
Evo DeConcini gave an interesting dis- 
cussion of ‘‘ Water Rates’’ at the Fri- 
day luncheon, comparing the various 
rates in force in the state, ranging from 
a high of $3.00 per 1,000 gal. in one 
northern Arizona community where 
water is hauled from a_ considerable 
distance, to a low 5¢ per 1,000 gal. in 
Yuma. Judge DeConcini discussed 
the various factors governing the es- 
tablishment of water rates and cited 
methods of figuring depreciation. 

The afternoon technical session was 
opened with a report by Russell Lud- 
wig, Pasadena consulting engineer, of 
recent research in Los Angeles County 
dealing with the reclamation of sewage 


and industrial wastes. Charles E. 
Trygg, sanitary engineer, Arizona 
State Department of Health, presented 
an illustrated discussion of ‘* Biology 
of Sewage Treatment.’’ This was fol- 
lowed by a panel discussion on methods 
of financing water and sewer main ex 
tensions. 

Byrl D. Phelps, San Diego consult- 
ing engineer, presided over the festivi- 
ties of the Friday banquet. The fea- 
tured speaker was J. J. Hinman, Jr., 
past president of A.W.W.A., who gave 
an entertaining and humorous slide- 
illustrated talk on the weighty subject 
of ‘‘Foulk’s Law as Applied to Post- 
Curricular Achievement.’’ 

The Saturday morning session was 
opened with an interesting film pre 
sented by Chicago Bridge and Iron 
Company, dealing with the erection of 
an elevated water sphere. W. W. 
Williams, consulting engineer, Phoenix, 
described the rehabilitation of the 
Yuma water works, where recent addi- 
tions to the treatment plant have 
enabled the utility to inerease produc- 
tion of filtered water from a maximum 
of approximately 5 m.g.d. in 1947 to 
10 m.g.d. in 1949. The morning ses- 
sion concluded with a panel discussion 
dealing with the problem of consumer 
complaints. 

At the Saturday luncheon, A-W.W.A. 
Director A. W. Miller reported the ae- 
tivities of A.W.W.A. during 1949. At 
the business session on Saturday, John 
A. Carollo reported for the Committee 
on Certification and recommended that 
a certification and training program 
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be initiated in 1950. The training 
program will be developed under the 
guidance of the Arizona State Depart- 
ment of Health. 

The Operators’ Roundup, a popular 
feature of the Arizona meetings, was 
held Saturday afternoon under the 
guidance of John Hoover, superinten 
dent of utilities, Mesa. The Roundup 
is a closed session for operators only 
and is devoted to informal discussions 
At the paralle! 
Lester M. Louden, 
chief chemist, Los Angeles Department 
of Water and Power, presented a 
paper on ‘‘Chemical Limits in Drink- 
ing Water Standards.’’ Richard F. 
Poston, Officer in Charge, Western 
Gulf Colorado Basin Office fu. 
Pr. &. Dallas, Tex., discussed 
‘Water Pollution Control Under Pub- 
lie Law 845’’ and pointed out the aims 
of the new federal program. Leland 
Glidden, Paulden, Ariz., described the 
Ranney collector system in his paper 
‘‘Naturally Filtered Water Through 
Induced Infiltration From Surface 
Water Bodies.’’ J. M. Lackey, district 
engineer, The Asphalt Institute, 
Angeles, discussed the ‘‘ Use of Asphalt 
in Hydraulic Works.’”’ 


of common pt oblems 


technical session, 


Los 


February, 1950 

The Saturday evening banquet, tra 
ditionally informal in nature, was pre- 
sided over by Toastmaster A. W. 
Miller. Entertainment for the evening 
was provided by the staff of the local 
radio station, KYUM, under the di- 
rection of its manager, Ray Smucker. 
The theme of the variety 
show presented on the ‘*‘ broadcast’’ was 
‘‘Experimental Instrumentation of 
Public Relations’’ and revealed how 
water pressure variation is a_ better 
guide to radio listener reaction than 
the famed ‘‘Hooperating.’’ During 
the rites of the Select Society of Sani 
tary Sludge Shovelers, W. Victor 
Weir, O. V. Cooper, Ray Smucker, 
Jack J. Hinman, Jr., and M. P. Goudy 
were elevated to membership in the ex- 
clusive Society. 


hilarious 


Following the dinner, 
members and guests attended a dance 
where members of the Water and Sew- 
age Works Manufacturers Association 
were hosts. 


A tour of the new additions to the 


Yuma water treatment plant, and an 
inspection of the Morales Dam in Mex- 
ico on Sunday morning coneluded the 
Corference. 


Mrs. Hevten Rorrnaus, 
Secretary 


JOHN H. GARNER RETIRES 


John H. Garner, chief inspector of the 
West Riding of Yorkshire Rivers Board, 
October, 1949, after 20 years 
in his present position and more than 42 


retired in 


years in the Board's service. Mr. Garner 


has for many years enjoyed an inter 


national reputation in matters of treat 


ment of and industrial wastes as 


they pertain to stream pollution abate 


sew age 


ment and prevention. 

During the past 30 Mr. Garner 
has taken an active part in the work of 
the Association of Managers of Sewage 
W orks, 1932 has 
been a member association of the Federa 
Institute of 


years, 


Disposal which since 


tion under the name of the 


Sewage Purification. He President 
of the Institute in 1935 and 1936, and 
has already been invited to accept the 
honor of again being President in 1951, 
when the 


was 


Jubilee. 
Institute as a 
1933 to 1942 
receiving the 
1946 for his 
It was mostly 
through his efforts as Contact Member 
of the Institute, a position he has held 
sinee 1932, that the Institute in 1947 won 
the Federation prize for greatest numeri 


Institute celebrates its 
served the 
Director 
1945 to 
Allen 


services to the 


Mr. Garner 
Federation trom 
1947, 
Award in 
Institute. 


and from 


Kenneth 


eal inerease in membership. 
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Association 
Texas Water and Sewage Works 
Association 


Louisiana Conference on Water 
Supply and Sewerage 


New Jersey Sewage Works 
Association 

Virginia Industrial Wastes and 
Sewage Works Association 

Arizona Sewage and Water Works 
Association 


Arkansas Water and Sewage 
Conference 


Kansas Sewage Works Association 
Montana Sewage Works Association 


California Sewage Works 
Association 

Pacific Northwest Sewage Works 
Association 

Michigan Sewage Works Association 


Alabama Water and Sewage 
Association 


Central States Sewage Works 
Association 

New York Sewage and Industrial 
Wastes Association (Spring 
Meeting) 

Ohio Sewage and Industrial Wastes 
Treatment Conference 

Pennsylvania Sewage and Industrial 
Wastes Association 


lowa Sewage Works Association 


Rocky Mountain Sewage Works 
Association 

Missouri Water and Sewerage 
Conference 

Federation of Sewage Works 
Associations 

North Carolina Sewage Works 
Association 


PROCEEDINGS OF MEMBER ASSOCIATIONS 


MEMBER ASSOCIATION MEETINGS 


Place 
College Station, Tex. 


Louisiana State 
University, 

Baton Rouge, La. 
Stacy-Trent Hotel, 
Trenton, N. J. 

Geo. Washington Hotel, 
Winchester, Va. 
Safford, Ariz. 


Robinson Memorial 
Auditorium, 

Little Rock, Ark. 
Lamar Hotel, 
Salina, Kans. 
Florence Hotel, 
Missoula, Mont. 
Lafayette Hotel, 
Long Beach, Calif. 
Winthrop Hotel, 
Tacoma, Wash. 
Park Place Hotel, 
Traverse City, Mich. 
Alabama Polytechnic 
Institute, 

Auburn, Ala. 
Indianapolis, Ind. 


Hotel Jamestown, 
Jamestown, N. Y. 


Gibson Hotel, 
Cincinnati, Ohio 
Pennsylvania State 
College, 

State College, Pa. 
Hotel Blackhawk, 
Davenport, Ia. 

La Fonda Hotel, 
Santa Fe, N. Mex. 
Sheraton Hotei, 
St. Louis, Mo. 
Hotel Statler, 
Washington, D. C. 
Washington-Duke Hotel, 
Durham, N. C. 


Time 
Mar. 12-16, 1950 


Mar. 15-17, 1950 


. 22-24, 1950 
. 30-31, 1950 
. 31-Apr. 2, 
1950 
. 17-19, 1950 
. 20-21, 1950 
. 20, 1950 
3-6, 1950 
10, 1950 
May 22-24, 1950 


June 6-8, 1950 


June 9-10, 1950 


June 12-13, 1950 


June 28-30, 1950 


Aug. 23-25, 1950 


Sept. 19-21, 1950 
Sept. 27-29, 1950 
Oct. 1-3, 1950 
Oct. 9-12, 1950 


Nov. 13-15, 1950 
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Reviews and Abstracts’ 


The Influence of Nickel on the Purification 
of Sewage by the Activated Sludge 
Process. By Harotp Hitt. Jour. and 
Proc., The Institute of Sewage Puri- 
fication (England), Part 1, p. 161 (1947 
Experiments were carried on to study 

the effect of nickel on the activated sludge 

process Aeration vessels of 2-1. capacity 
and fitted with small diffusers were used 

Activated sludge from a Simplex aeration 

plant was mixed with domestic sewage, in 

batches, until practically identical efflu- 
ents were obtained. Three fillings a day 
were made, with 6-hr. aeration periods 
and 2-hr. settling periods for each batch 

When identical efluents were produced a 

nickel solution was added to one set of 

settled sewage samples prior to aeration 

Four series of tests were made using 1, 3, 6, 

and 10 p.p.m nickel as nickel sulfate. 
Results indicated that nickel salts 

exerted a toxic effect on activated sludge, 

and that concentrations between 1 and 2 

p.p.m. inhibit nitrifieation but do not 

apparently affect clarification. Concen- 

trations of 10 p.p.m. had a pronounced 
toxic effect 
It is to be noted that these results apply 
to conditions of continuous dosing. 
T. L. Herrick 


Some Experiments on Rapid Sand Filtra- 
tion of Sewage Works Effluents Without 
Coagulants. By P. B. B. 
Jour. and Proc., The Institute of 
Sewage Purification (England), Part 1, 
p. 204 (1947) 

At one time it was contemplated selling 
the effluent from the Ancor sewage works 
of the Town Council of Springs (South 


Africa) to an industrial concern. One 
requirement was that the effluent be sand 
filtered. At the MeComb works, humus 
tank effluent is filtered through slow sand 


filters at an average rate of 3 gal. (Imp.) 
per sq. ft. per hour.; The actual yield is 
but 1 gal. per sq. ft. per hour, as about two- 
thirds of the time is required for drying 
and cleaning the surface. Because of the 
high cost of slow sand beds for the Ancor 
works it was decided to investigate pres- 
sure filtration. 

A filter was obtained for experimental 
purposes which was 2 ft. in diameter and 
4'5 ft. high. The filtering medium, sup- 
ported on a false floor, consisted of 31% in. 
of 0.5- to 0.25-in. pebbles, 314 in. of 0.25- 
to 0.10-in. pebbles, 5 in. of 10 to 20 mesh 
sand, and 2 ft. of 20 to 30 mesh sand. The 
unit was closed by a domed cover fitted 


with a shaft carrying a rake for loosening 
the sand surface when backwashing 

One test run of 7 hr., during which 
samples were taken every 10 min., indi- 
cated a reduction in suspended matter 
from 24.3 p.p.m. to 0.7 p.p.m. at a rate of 
200 gal. per sq. ft. per hour. In another 
test, the results showed complete reduction 
of 21.7 p.p.m. 

A tentative design for the Ancor works 
contemplates an average filtering rate of 
120 gal. per sq. ft. per hour, with a 
maximum of 200. The wash water would 
amount to about 5 per cent of the total 
flow. Provision is made for a maximum 
head of 10 ft. The estimated cost is 
approximately one-half that estimated for 
slow sand filters 

T. L. Herrick 


The Seattle Sewage Treatment Problem. 
Pollution Control Commission, State of 
Washington. 13 pp. (Nov., 1948). 
In this report, the Commission com- 

ments on a report by Wolman. The 1945 

pollution control law of the State of 

Washington is cited as requiring the 

proper treatment of all sanitary sewage, 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 


might be suitable 


i 


ticularly desired Address such material: Federation of Sewage Works Assns., 325 Illinois Bldg. 


Champaign, Il! 
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and the pouring of raw sewage into the 
nearest water course is held to be a 
violation of that law. The Commission 
requires that “the minimum acceptable 
degree of treatment for the sewage and 
industrial wastes of the City of Seattle 
will be primary treatment.” 

The high capacity of Puget Sound 
assumed by Wolman is criticized severely. 
The Commission report says the facts, 
with respect to the biochemical condition 
of the Sound, are that the swimming 
beaches in the area immediately adjacent 
to the City have been seriously polluted 
since 1941 and unsatisfactory for bathing. 
The laxity of the City in its attention to 
the sewerage problem is reviewed. 

The Commission recognizes the need for 
deep water outfalls, but believes that for 
effectiveness they must be preceded by 
partial primary treatment. Among the 
major points emphasized is the need for 
proper treatment to protect the local 
situations, particularly the condition of 
pollution existing at each of the city out- 
falls, which affect adjacent shorelines and, 
in some cases, the deeper waters in Puget 
Sound distant two miles or more. 

Wolman’s suggested criteria for outdoor 
saline waters, which must necessarily be 
the standards of the Washington Depart- 
ment of Health and the Pollution Control 
Commission, are based on a B. colt count 
of 2,400 as acceptable, whereas the Wash- 
ington standard is 50. 

The improvement of the North Trunk 
sewer is criticized, because the Commission 
doubts the effectiveness of comminution 
alone. 

The Commission urges that minor 
sewers be picked up in a program of inter- 
ception and treatment, and agrees that the 
policy of separate sanitary and storm- 
water systems should be carried out, as 
well as development of a master plan for 
sewer extension and controlled sewage 
disposal. 

LANGDON PrARSE 


Pollution of the Androscoggin River by 
Industrial Wastes and Control Meas- 
ures Thereof. By E. SuHerman Cuase. 
Journal Boston Society of Civil Engi- 
neers, 36, 357 (July, 1949). 

A detailed description is given of the 
seriously polluted condition of the Andro- 
scoggin River in Maine, draining a water- 
shed of 3,470 sq. mi., with a monthly flow 


REVIEWS AND ABSTRACTS 


27% 


at Rumford averaging 2,212 c.f.s. to 8,552 
c.f.s. in the years 1928 to 1941, inclusive. 
The lower flows occurred in the period 
from August to October and averaged 
2,446 c.f.s. The natural flow is regulated 
by a storage of 225,000 m.g. above Rum- 
ford and 28,000 m.g. below. The sewered 
population totals 108,700, mostly above 
Rumford. The equivalent population of 
the industries (97 per cent pulp and paper 
mills; of which 87 per cent is from sulfite 
wastes) totaled 2,411,500 in 1941. Large 
amounts of hydrogen sulfide were gener- 
ated in the vicinity of certain mill towns 
and created a public nuisance. 

The author holds that a reasonable eri- 
terion for pollution control is the mainte- 
nance of dissolved oxygen in the river water 
at all times. 

Reaeration was estimated at 1,000 Ib. of 
D.O. per mile of river, after correcting for 
the depleting effects of sludge deposits and 
the benefits of tributary streams. The 
net amount of oxygen obtained by reaera- 
tion was estimated at 135,000 lb. per day. 
In 1941, the average daily demand for 
oxygen by months ranged from 150,400 to 
617,800 lb. In 1941, from June to Octo- 
ber, there were oxygen deficits ranging 
from 128,900 to 405,900 lb. In other 
months of the year, the available oxygen 
equalled or exceeded the demand. 

Four general relief measures were con- 
sidered ; sewage treatment, industrial waste 
treatment, storage of industrial wastes, 
and storage of dilution water. Sewage 
treatment for the municipalities required 
expenditures out of proportion to the 
benefits to be derived. The use of the 
soda process by the Oxford Company is 
helpful, with recovery of fibre by save- 
alls. The lagoon capacity required for 
storage totaled 255.5 m.g. Estimates in- 
dicated that storage in the period of June 
to October, inclusive, could be let down in 
the other months of the year. Stored 
digester liquors lose a substantial propor- 
tion of their oxygen demand over several 
weeks. 

The river is well regulated for power 
purposes, and the let-down for power coin- 
cides closely with the need for dilution. 
Consequently, the construction of storage 
for diluting water was not advocated. 

As the mills failed to undertake the 
remedial measures recommended, the At- 
torney General of Maine began legal pro- 
ceedings in May, 1942, to secure relief, 
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In view of war conditions, a stipulation 
was entered into for an experimental la- 
goon at the Oxford Company; weekly 
sampling and analyses of the river water 
during May to September, 1943, inclusive; 
and restriction of discharge of sulfite wastes 
at certain times. The lagoon tests indi- 
cated that a local nuisance did not result. 

As the foregoing measures did not 
provide adequate relief, a 1944 decree of 
the Court continued sampling of the river 
and restriction of sulfite waste liquor dis- 
charge 

In 1947, a modified decree continued the 
sampling schedule and required a 22-m.g 
lagoon at the International Paper Co. for 


storing waste sulfite liquor. Supervised 


sampling and regulated operation of the 
lagoon was initiated to maintain 4 p.p.m. of 
D.O. in the river at a certain location 
These provisions were beneficial but not 


adequate. In December, 1948, a 
decree appointed an administrator, pro 
vided for weekly sampling and analyses of 
the river from May 1 to October 15 each 
specified criteria for control of the 
industrial let-down in relation to 
river flow, and provided for the use of at 
least 1,000 tons of soluble nitrate in the 
river at critical periods when ordered by 
the administrator. The production of 
sulfite pulp was to be allocated by the 


new 


year 
waste 


mills among themselves 

In 1948, a low summer flow indicated 
that the taken afforded 
stantial but not complete relief, 
measures were 

1. Reduction of sulfite liquor from 
Brown Co. to about one-third, when odor 
conditions were worst. 

2. Storage in the open lagoon and else 
where of most of the sulfite liquor from the 
International Paper Co. 

3. Addition of sodium nitrate near the 
beginning of the pool just above Lewiston 


sub- 


The 


measures 


The significant aspects of the Andro- 
scoggin River pollution problems are: 


1. The tremendous pollutional effect of 
the sulfite waste liquors as compared with 
other sources of pollution. 

2. The correlation of 
during the summer in the 
Auburn area, with the 
sulfite liquor in the river. 

3. The apparent benetit in odor control 
by the addition of sodium nitrate to the 
river. 


conditions 
Lewiston- 
concentration of 


odor 
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1. The recognition by the legal authori- 
ties of the importance of the industries in 
the Androscoggin valley to the economy 
of the valley and the State. 

5. The natural reluctance of the in- 
dustries to undertake remedial measures 
without some assurance of their effective- 
ness, with a minimum expenditure. 

6. The but steady progress in 
alleviating the nuisance, with a minimum 
of drastic action by the Attorney General 
and the Court. 

7. The unique assignment to a non- 
governmental individual of the task of 
supervising the river condition and polic- 
ing his own clients. 


slow 


Various tables and graphs are included. 


LANGDON PEARSE 


Report of the Rivers Department, City of 
Manchester, England, for Two Years 
Ending March 31, 1948. 74 pp. 

This report covers the operation of the 
sewage works at Manchester, England. 
The bulk of the sewage from 863,000 pop- 
ulation is treated at the Davyhulme works 
and a small portion (47,000 population) at 
the Withington works. Experimental 
work on dewatering sludge is also de- 
scribed, and the control of trade effluents. 

In the periods 1946-1947 and 1947 
1948, the daily volume of sewage at Davy- 
hulme was 59.69 Imp. (71.6 U.S.) m.g.d. 
and 56.79 Imp. (68.1 U.S.) m.g.d., re- 
spectively, or 75 Imp. (90 U.S.) g.p.c.d. 
and 70 Imp. (84 U.S.) g.p.e.d. The sew- 
age contained 150 and 145 p.p.m. of sus- 
pended matter and 229 and 237 p.p.m. 
B.O.D. for the respective periods. All 
the sewage is settled, the effluent being 
divided among contact beds and activated 
sludge plants, in part by diffused air and 
in part by bio-aeration and by a Simplex 
plant. In the diffused air plant, diffusers 
of the dome type are under trial. The air 
consumption is 0.72 cu. ft. per Imp. gal. 
0.6 cu. ft. per U.S. gal.). In the diffused 
air plant the periods of aeration varied 
from 8.1 to 8.6 hours. In 1946-1947, the 
effluents contained from 14.3 to 15.7 
p.p.m. of B.O.D., and from 19 to 21 p.p.m. 
of suspended solids. The  bio-aeration 
plant (16.6 hr. detention) and the Simplex 
plant (12.3 hr. detention) produced efflu- 
ents of about the same B.O.D. and sus- 
pended solids strength. 

In 1947-1948, the effluents contained 
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from 16.9 to 19.9 p.p.m. of B.O.D., and 
21 to 22 p.p.m. suspended solids for the 


diffused air, with periods from 9.0 to 10.1. 


hours. The bio-aeration and Simplex 
effluents were about the same as in the 
earlier period. The entire plant effluent 
averaged 49.9 and 44.2 p.p.m. B.O.D. and 
33 and 29 p.p.m. suspended solids for the 
two periods, and 2 p.p.m. of nitric nitro- 
gen. Sludge is pumped to storage tanks 
and mostly sent to sea (232,240 and 256,- 
400 tons in the respective periods). A 
new oil-fired boat has been acquired since 
World War II ended. Surplus activated 
sludge is mostly disposed of at sea with 
the primary sludge. A small amount of 
sludge is digested with heat as an experi- 
ment for 12.6 days, or lagooned. 

The Withington works handle about 2 
Imp. (2.4 U.S.) m.g.d. with an average 
flow of 43 Imp. (51.6 U.S.) g.p.e.d. All 
the sewage is settled; part is given activated 
sludge treatment, and part goes to contact 
beds. The sewage contains about 190 
p.p.m. B.O.D. and 68 p.p.m. suspended 
solids. The activated sludge effluent con- 
tains 13.2 p.p.m. B.O.D. and 11 p.p.m. 
suspended solids, and 2 p.p.m. nitric 
nitrogen. The plant effluent averaged 
16 p.p.m. B.O.D. and 13 p.p.m. suspended 
solids. The wet sludge is mostly pumped 
to sludge trenches. 

Appendix II gives detailed cost figures. 

Appendix III describes semi-micro de- 
termination of nitrogen in sewage sludges. 

Appendix IV (C. Jepson and L. Klein) 
describes heat treatment of excess acti- 
vated sludges at temperatures from 60° to 
90° C. for 5 to 35 min., and tests on heat- 
pressure treatment, using pressures from 
75 to 150 p.s.i. The conclusion is that by 
heat-treatment at high pressures, the pro- 
portion of solid content is rapidly in- 
creased. The solid matter content de- 
pends largely on that of the original 
sludge, but is also influenced by the steam 
pressure applied and the time of applica- 
tion. The effect of the initial dry solids 
content is shown in the following table, in 
which the results are arranged in increas- 
ing order of the initial solid content: 


Dry Solids Content of Sludge (%) 


Initial Treated 
0.80 2.49 
2.01 4.62 
2.31 4.99 
2.59 5.85 
7.80 
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The heat-treated sludge settles readily, 
separation usually being complete in less 
than 2 hr. The separated liquor is foul, 
but unless the sludge treated is very stale 
the smell is not very objectionable. The 
liquor may contain up to 36 per cent of the 
original solids and 59 per cent of the 
original nitrogen content in solution. 

The densified sludge filters readily and 
can be dewatered rapidly on drainage beds 
or by mechanical means. Heat-pressure 
treatment has an inhibitory effect on the 
subsequent digestion of sludge, which is 
more marked when the material treated is 
a mixture of primary and surplus activated 
sludge. 

Appendix V describes experiments with 
a semi-scale Dorr Oliver vacuum filter 
using chlorinated copperas as a coagulant 
(C. Jepson and G. Greene). With acti- 
vated sludge a cake of 83.5 to 89.8 per cent 
moisture was obtained, with an output of 
0.74 lb. dry solids per sq. ft. per hr. and an 
average chlorinated copperas demand of 
19.1 per cent. Aeration prior to filtration 
had little influence on output, but reduced 
the amount of chlorinated copperas re- 
quired. Filtration of elutriated digested 
sludge produced a cake with moisture con- 
tent of 72 to 75.9 per cent, with an output 
of 1.35 to 1.72 lb. dry solids per sq. ft. per 
hr. and an average chlorinated copperas 
demand of 13 per cent. 

Compared with ferric chloride, chlorin- 
ated copperas has two main disadvantages 
—more is required to obtain the same 
result, and the rate of filtration is slower. 
However, at Manchester, the authors con- 
clude that chlorinated copperas is cheaper 
than ferric chloride and appears to be a 
practical and economic substitute. 


LANGDON PEARSE 


Disposal of Softening Plant }Wastes— 
Committee Report. /. Amer. Water 
Wks. Assn., 41, 9, 819 (Sept., 1949). 


Lime and Lime-Soda Sludge Disposal. 

By A. P. Buack. 

This report summarizes the work ac- 
complished by American Water Works 
Association Committee W-8 on Disposal 
of Wastes from Water Purification and 
Softenit Plants. An original progress 
report was made at the San Francisco 
Conference in 1947 (See abstract, Tus 
JouRNAL, 20, 4, 779 (July, 1948), 

Disposal of lime or lime-soda softening 
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plant sludge is rapidly assuming greater 
importance because this country is rapidly 
becoming “soft water conscious,” the 
country is also becoming “pollution con- 
scious,” and the increase in the population 
of urban regions has restricted the avail- 
ability of land in such areas for disposal of 
sludges by ponding or lagooning. Data 
are given on chemical composition, particle 
size, quantity, physical character, and 
volume of sludge. 

In the past, sludge disposal has been 
almost exclusively accomplished by la- 
gooning or dilution in a stream or other 
Four additional methods 
that now offer attractive possibilities are 
utilization as a precipitant in primary 
sewage treatment if the first plants using 


body of water. 


this process are successful; dewatering, 
drying, and pulverizing, and disposing of 
the dried product for a variety of indus 
trial uses; dewatering and calcining in 
smal] stationary kilns (two types); and 
recalcining in rotary kilns for the larger 
installations. Progress on all four meth- 
ods will be watched with interest. 


Brine Disposal from Cation-Exchange 
Softeners. By Pau, D. Haney. 


This material covers wastes from sodium 
zeolite water softening plants and consists 
of wash water containing the waste pro- 
ducts of the regeneration cycle, plus un- 
used salt 
posed principally of the chlorides of 
calcium and magnesium, together with 
small amounts of various compounds of 
A complete brine 
analysis is given of a composite sample of 


These waste products are com- 


iron and Inanganese 
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February, 1950 


spent material discharged from one large 
zeolite plant. 

Deleterious effects are produced on 
water supplies by the increase in chloride, 
sodium, calcium, magnesium, and solids 
concentrations. Such damage is irrepar- 
able as far as any treatment method gen- 
erally available for use by a public water 
supply is concerned. Effect of brine on 
sewage treatment processes, on fish life, 
and on animals is also considered. Cer- 
tain fish can tolerate 5,000 to 10,000 
p.p.m. of sodium chloride for short periods, 
but calciura and magnesium appear to be 
more toxic. A total salt content of 15,000 
p.p.m. is considered to be the upper limit 
for stock water. A number of operating 
problems on brine disposal are cited. 

Spent brine disposal may be classified 
under the following four methods: evapo- 
ration ponds, uncontrolled dilution, con- 
trolled dilution, and brine disposal wells. 
Of these methods, controlled dilution 
appears to offer the most generally appli- 
cable means of handling the wastes from 
zeolite softening plants, but this method 
wil be unsatisfactory unless ample dilution 
water is available at the time of brine re- 
lease and unless releases are carefully con- 
trolled. Uncontrolled dilution and evap- 
oration methods usually will not be a 
solution to the problem. 
However, brine disposal wells may offer 
an acceptable answer as a disposal means 
if the volume of wastes is large and the 
subsurface geology is suitable for under- 
ground disposal. 

A check list is given for the planning of 
brine disposal from cation-exchange soft- 
ening plants. 


vracticable 


Ropert P. Lowe 
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NLIKE a book, a digester tank 

is judged by its cover, as 

well as by what's under the 

cover. P.F.T. Floating Cov- 
ers are soundly engineered and con- 
structed to assure a long attention- 
free, service life. Here again, it's 
proper design based on long expe- 
rience, for P.F.T. is pioneer of the 
floating cover. Literally, hundreds of 
installations all over the country 
have given continuous service for 


years. 


P.F.T. Covers provide complete sub- 


Chicago (13) 


New York 
Charlotte, N. C. Denver 


Two 45° PFT Floating 
Covers at Stevens Point, 
Wisc., Consoer, Town- 


neers. 


mergence of buoyant sewage solids, 
effective collection of sewage sludge 
gas, flexibility through operation 
either in series or parallel (where 
more than a single tank is involved) 
and complete digestion control re- 
gardless of what portion tank capac- 
ity is employed. 

Used in conjunction with a P.F.T. Di- 
gester Heater and Heat Exchanger, 
P.F.T. Supernatant Control Equip- 
ment and P.F.T. Gas Safety Equip- 
ment, P.F.T. Floating Covers offer 
the maximum in efficiency and econ- 
omy for population loadings of 500 
to 5 million. 


Los Angeles San Francisco 
Toronto 


send & Associates, Engi- 
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What can research do for 


a specification product ? 


We manufacture a “specification” product—cast iron pres- 
sure pipe. It is purchased under standard specifications 
set up by engineering organizations representing users 
of the product, consultants and manufacturers. Meet the 
specifications and the customer is satisfied. The question 


is whether the manufacturer should be satisfied. 


About 20 years ago we decided to find out what research 


could do for a “‘specification’’ product. The function of 
Industrial Research was then, as it is now, to develop a 
better product at the same, or if possible, at lower cost. 


We built and equipped a Research Laboratory. 


What research has since done for our product is a result 
best known to our customers! After all, specifications 
only establish a ‘floor’? beneath which quality standards 
must not fall. Through research we have steadily elevated 
those standards and, through quality control, have seen to 


it that they are adhered to. 


Progress made by individual companies eventually leads 
to higher standards which must be met by all makers of 
the product. And progress in the production of cast iron 
pressure pipe is important to water, gas and sanitation 
utilities as well as to the public they serve. The key tosuch 


progress is Research. 


To further our Research program we recently dedicated a 
new, even larger and finer research laboratory and develop- 
mental foundry at our plant and main office in Burling- 


ton, New Jersey. 


U.S. PIPE & FOUNDRY CO. 


GENERAL OFFICES, BURLINGTON, N, J. 
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PROOF Reduce Float Cable Replacements , 
“STERELATOR EFFICIENCY” with 


BRAIDED MONEL 
WIRE 


for long-lived float cables in 
corrosive atmospheres 


16-Strand Braided Monel Cable 


Lb. Test 3» 45 60 
Gauge 0.005 0.006 0.0075 
Actual 150 ft. $2.25 $2.55 $2.70 
ProMEPENDABLE_SAFE-EFFICIENT 300 ft. 4.35 4.95 5.25 
Easy to operate at LOW MAINTENANCE COST. 500 ft. 7.10 8.10 8.65 
Everson SterElators METER-MIX-FEED 1000 ft. 14.00 16.00 17.00 
Chiorine gas accurately for all Water 
or Sewage Sterilizing demands Send for free samples 
for Manual or Automatic — 
SterFlatore utilise a high 


The FLOW METERS tol 10 to ratio, 


James E. Aitken, Mfgr. 


SierplatorS Department 


EVERSON MANUFACTURING CORPORATION 812 South St. Clair Street 
207 West Huron Street, Chicago 10, Illinois Toledo 4, Ohio 


Manual! of Practice No. 1 
“Occupational Hazards in the Operation of Sewage Works” 


$.25 each to Federation Members—$.50 each to Non-Members 


Manual of Practice No. 2 
“Utilization of Sewage Sludge as Fertilizer” 


$.75 each to Federation Members—$1.25 each to Non-Members 


Manual of Practice No. 3 
“Municipal Sewer Ordinances" 


$.50 each to Federation Members— $1.00 each to Non-Members 


Special Manual of Practice Binders—$2.00 each 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building, Champaign, II. 


\ 
| 
no SEND | 
LARGE SPECIFICATIONS 
|| 
| 
| 
| 
| 
| 
| 
| 
|| 
| 


SEWAGE AND INDUSTRIAL WASTES 


FSWA SPECIAL PUBLICATIONS 


COPIES 


COPIES 


- 


COPIES 


COPIES 


COPIES 


ORDER BLANK 


Manual of Practice No. 1—OCCUPATIONAL HAZARDS 
IN THE OPERATION OF SEWAGE WORKS. A com- 
plete analysis of sewage works hazards, accident statistics, safety 
practices and equipment. 

53 pages Members $0.25; Others $0.50 each 


Manual of Practice No. 2—UTILIZATION OF SEWAGE 
SLUDGE AS FERTILIZER. An authoritative evaluation of 
the advantages and limitations of sewage sludge as a soil condi- 
tioner; recommended practices. 


120 pages Members $0.75; Others $1.25 each 


Manual of Practice No. 3—MUNICIPAL SEWER ORDI- 
NANCES. A guide to the proper regulation of the use of mu- 
nicipal sewage works; with recommendations for industrial waste 
control. 

+4 pages Members $0.50; Others $1.00 each 


RING BINDER— Attractive and durable cover especially de 
signed for filing numbered manual of practice. 

$2.00 each 
UNIFORM SYSTEMS OF ACCOUNTS FOR SEWER 
UTILITIES—Tentative Manual of Practice—A manual of 
specialized accounting practice for sewage works; especially 
valuable to those administering sewer revenue financing plans. 
117 pages, mimeographed $5.00 each 


GLOSSARY—WATER AND SEWAGE CONTROL EN- 
GINEERING, Official technical definitions of 2,600 terms per- 
taining to hydrological, hydraulic, water works and sewage 
works engineering. 


Paper cover $1.00 eac 
274 pages COPIES each 
. Cloth cover $2.00 each 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building 
Champaign, Il. 


Please forward the above indicated publications. 


Enclosed find check $ 
Name 


Street 


City 
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OF COMPLETE TREATMENT FOR COMBINED 
SEWAGE AND INDUSTRIAL WASTE 


Biot? 


Exclusive AMERICAN development BYPASS 
combines the best qualities of trick- Se: 
ling filter ond activoted sludge 


into a unified, superior system. 


BIO-ACTIVATION 
Gives You: 


The most modern developments in 
sewage treating methods 
NO HIGHER construction cost 
LOWER opercting expense 
SIMPLER laboratory control 
GREATER eose of operation 
MORE dependable service 
INCREASED stability and efficiency 


UST OF INSTALLATIONS 
GLADLY FURNISHED ON REQUEST 
“Process Potented by 
American Well Works 


PRIMARY SLUDGE 
OIGES TA 


LOW-COST CONVERSION 
OF EXISTING PLANTS 
CAN DOUBLE CAPACITY 


Conversion of a straight trick 
ling filter or activated sludge 
plant to Bio- Activation is easy 
and economical. Doubles the 
plant capacity, lowers operat- 
ing cost, and requires less 
laboratory control. 


~ 


WASTE SLUDGE TO a 
DIGESTER NOT SHOWN 
waste 
PUTER 


Phantom view of typical Bio-Act vation plant 


Provides Complete, More Efficient, More Economical Treatrnent 
Eliminates Costly, Troublesome Upsets 


The AMERICAN 1 Bio-Activation® system utilizes the best 
qualities of trickling filters and the activated sludge process 
... combines and integrates them by an exclusive method so 
that they work together to achieve a superior result under all 
conditions. In Bio- Activation, the usual primary treatment is 
employed, followed by high capacity filters and short period 
intermediate sedimentation. Here, initial high removals of 
B.O.D. are obtained before the sewage is passed to aeration 
tanks where activated sludge is developed. Because of the in- 
termediate filter treatment which considerably reduces the 
strength of the primary effluent, the liquor can be readily 
handled by the activated sludge process wethout the usual up- 
sets caused by exceptional conditions and shock loads. 

The advantages of this system assure a completely stable, 
final effluent which contains nitrates and is low in B.O.D. and 
suspended solids. Several alternative flow plans to meet vari- 
ous conditions are available. 


Send for Bio-Activation Bulletin No. 259. 
ENGINEERING SERVICE Our stof of Sonitory Engineers is well quolified 
to cooperate with consulting and operating engineers in suggesting the 


process of treatment and type of equipment best suited to individual 
needs. inquiries on new " or imp: in existing plonts 


AMERIC! 


OUR TEAS 
Water Purification Equipment 


110 North Broadway 
RESEARCH - ENGINEERING - MANUFACTURING 


AURORA, ILLINOIS 
Offices Mew Yor Clevelond Cincinnati City Soles Representatives the Wreid 


| 
123 
| NEW CONCEPT 
: 4 
~ 
| 
| 
(LINE j | 
; 
‘ 
i 


SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued to page 25) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Censulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELDS, REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 


CITY PLANNING VALUATIONS 
REPORTS LABORATORY 

Suite 1509-18 

121 S$. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Worka, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 


W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 


4706 Broadway 


Sewer Systems Sewage Treatment Industrial Water 
industrial Waste Treatment Analysis Design 
Investigations Investigations Operation 
P. 0. Box 67 Crystal Lake, Ilinoin Gillingham & Worth Sts. Philadelphia 24, Pa. 
T 
BLACK & VEATCH 
Consulting Engineers 
SewaGE - Water ELectricity - INpustry 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Censalting Engineers 

Custon L. Boorrt Ivan L. 

J. M. M. Ropert A. LINcoLn 

DonaLtp M. Ditmaags ArgTuur P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Dralnage Flood Control 


624 Madison Ave, New York 22, N. ¥. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal—Analyses 
Municipal — ind istrial Projecta 
Valuations—Reports— Designs 


110 William Street New York 7, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(PORMERI.Y NICHOLAS §$. HILL ASSOCIATES) 
Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 
Chemical and Biological Laboratories 


112 Fast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


Take advantage of the services 


of these outstanding consultants! 
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BURNS & McDONNELL ENGINEERING CO. 


Consulting Engineers 50th year 
Waterworks, Light and Power, 
Sewerage, Reports, Designs, 
Appraisals, Rate Investigations. 
Bex 7088, Country Club P. Station 
Office 95th and Troost 
Kansas City 2, Mo. 


CAMP, DRESSER and McK EE 
Ceonsaiting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

lnvestigations and Reports 
and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mase. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dans 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 

Systems, Sewage and Industrial Waste 

Treatment, Power Development and Ap- 

Investigations and Reports, 
aluations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—-Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ul. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply —Airfields 
Plans—Supervision-—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Conaulting Civil Engineera and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Penasylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Kecovery Processes, 
Hydraulic Works, Gas Plants 

Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Rallroads Highways 

1 Transportation 


Investigations —- Reports — Appraisals 
Plans and Supervision of Construction 


PAY, & THORNDIEE 
NGINEER 
CHARLES M. W. Hoaxes 
JouN AYER L. Hrianp 
Bion A. BowMan L. Lixcoun 
CARROLL A. Faswett Howaro J. Witiiams 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment——Alrports 


Investigations and Reports Designs 
150 North Wacker Drive Chicago 6 Supervision of Construction Valuations 
505 Colorado Bldg. Washington 5 Restos New York 


EDWARD A. FULTON 
Consulting Engineers 
Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply aad 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 


and Power Developments; ms ap 
Flood Control 
3209 Brows Read Saint Lewis 14, Misseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 

Industrial Waste & Garba 
Roads— & 
Flood Control 
Town Planning 
Investigations & Keports 
Harrisburg, Pa. New York, N. Y. 
Seranton, Pa. Pittsburgh, Pa. 


It pays to secure competent and experienced engineering advice! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York " Washington 
Houston SEADING, PA. pitisdeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadeiphis 3, Pa. 


GREELEY & HANSEN 
Engineers 

Samuel A. Greeley Paul Hansen (1920-1944) 

Paul E. Langdon Kenneth V. Hill 

Thornas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens C. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations Laboratories 
Leader Bldg. Woolworth Bidg. 
Cleveland 4 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Hayven Joun H. 
Oscar J. Campta 
Water Works—Sewerage 
Civil— Mechanical 
Electrical—Structural 


826 Park Square Bullding, Boston, Mass. 


HITCHCOCK & ESTABROOK, INC. 
Lester D, Les, Associate 
Professional Engineers & Architects 
Consultants to Municipalities since 1920 
SEWERAGE, WATER, PAVING, 
POWER PLANTS, AIRPORTS 
REPORTS and APPRAISALS 


$21 Sexton Building Minneapolis 15, Minnesota 


HORNER & SHIFRIN 
Consalting Engineers 
W. W. Horner S. W. Jens 
H. SHIFRIN E. E. BLoss 
Vv. C. LiscHer 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Louls 3, Missouri 


INDUSTRIAL WASTE CONSULTANTS 


(A Guggenheim Subsidiary) 
INVESTIGATIONS AND REPORTS— 


Offices and Laboratories 


2266 No. Menipian, 8, 
120 Broapway, New York New 
Russell B. Moore A. F. Neilson- Robert J} Theroux 
Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 


Disposal and Incineration, Industrial 
Buildings 
TROY, N.Y FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 


604 MISSION &T., SAN FRANCISCO 5 


Take advantage of the services of 


these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES, Ine. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 2%, Pa. 


Wm. S. Lozier Co. 


2, 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Satter St. 
San Francisco 4 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 


Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 


Trafic & Transportation Reports, Highways 

Subways, Foundations, Harbor Works, Valuations 

Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Matcoum Prants Eanser W. Warrvock 


Rossar W. Sawyer G. G. Weanen, Jn. 
Hazen 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. 


Design—S 
Water Works Systems, Pitration and 
Plants, Reservoirs and Dams, 
Storm Sewers, Sew 
Refuse 


426 Cooper Bidg. Denver 2, Colorado 


RUSSELL and AXON 
Consulting Engineers 
Geo. 8. Russell 
Joe Williamson, Jr. F. EK. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification. Power Planta, 
Appraisals, Kate Investigations, Reports, 
Plans, Specifications. 
40% Olive St. 


Munici 
St. Louls 2, Mo. 


Daytona Beach, Fia. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Alirports 


Hershey Bullding 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports 
209 8. High St. 


Appraisals 
Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Sul, Water Purification, 


tory 
14 Beacon Street Boston 8, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical —Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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chorge is very thorough 


Investigate the new Link-Belt 
Mechanically Cleoned Bar Screen, 
ond observe how the rakes clean 
thru the bors from the back. 


This screen has many distinctive 
features. Bottom ond top support 
of screen bors assures alignment. 
Vertical path cuts down the power 
required to operate and results 
in minimum chain weor. Chain 
take-up is on the head shaft where 
it is readily accessible for main- 
taining proper chain tension. The 
screen connot be jammed by large 
objects settling in front of the 
screen bars since the roke will 
enter under and lift them. 

The screen is of the usual 
rugged Link-Belt design and is 
accurately constructed to give long 
life under the most severe operat- 
ing conditions. For detailed in- 
formation, get in touch with our 
neorest office 


SEWAGE AND INDUSTRIAL WASTES 


The New “THRU-CLEAN” 
BAR SCREEN Efficiently Removes 


Trash and Large Solids from Water and Sewage 


Refuse being discharged on the screenings 
trough. The clean rakes at top show that dis- 


> 


LINK-BELT COMPANY 
Chicago 9, Indianapolis 6, 
Philodelphio 40, Atlanta, Houston 1, ‘ 
Minneapolis 5, San Francisco 24 
Los Angeles 33, Seottie 4, 
Toronto 8 


Offices in Principal Cities 
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SEWAGE AND INDUSTRIAL WASTES 27 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 


ALL SNOW GATES and Lifts are ‘“Parkerized” 
for protection against rust and corrosion. 


Over 40 years continuous service to the industry. : | . 


We will be pleased to quote on any type of water . 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


6 WORDS ABOUT 
SEWAGE TREATMENT 


The Bio-Chemical Process (a Guggenheim development) 
is @ proved, economical, complete treatment of sewage— 
lowest first cost—lowest operating costs, utilizing community 
trade wastes to treat sewage. 3 


Investigate this process without cost or obligation. 


(lf you counted only 34 words, you probably didn't realize that “economical” and" proved’’ are doubly important 
in connection with the Bio-Chemical Process) 


THE BIO-CHEMICAL PROCESS 


OFFICES AND LABORATORIES: 


2266 N. Meridian, Indianapolis 8, Ind. . 120 Broadway, New York §, N. Y. 
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ERTISERS—wise support makes possitile. the gab- 
| Beaton Whim writing advertisers be sure to mentiin SEWAGE) 


Sewage Tre atment 


Dollars are bigger 


with Chlorination 


Chlorination, fitted to your specific needs by 
gives you more treatment facilities per dollar than aay other aime 
treatment adjunet, It can be put to work at your plant fom sem 


than 15 of total plant cost in most cases. And for that 2%, GUNMEN 


ination by W&T is on the job realy to overcome such trombies 
ODORS, PLANT OVERLOAD, FILTER PONDING, GREASE, 
and SLUDGE BULKING, wherever and whenever they Gaveld ; 


Of course, to get these must be ¢ 
applied, That's where W&T’s 35 yeirs of xperience come ia. 
rience plus sturdy W&T Equipment—designed to take bard 
mittent sewage plant use—adds up to one sure fact—that you Will 


have the proper equipment, properly 
job at low cost. 


COMPANY, INC, 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK }, NEW JERSEY * REPRESENTED PRINGIPAK 
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